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The Manufacture of Lighting Glass 


By J. G. HOLMES, A.R.C\S., B.Sc., D.I.C., F.Inst.P., (Fellow) 


Summary 


The constitution and properties of glass are discussed with 
reference to the requirements of a light-transmitting material for 
use in lighting fittings, and the principal processes of manufacture 
are briefly described. The optical principles of light control by 
reflection and by refraction are compared, and data given for the 
reflecting, refracting, diffusing, and absorbing properties of glass, 
including coloured glass. Some indication is given of the 
precautions to be taken in design and construction of lighting 
fittings using glass components. 
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(1) The Constitution of Glass 


Glass is as old as the earth, for the fiery birth of this planet provided almost 
ideal conditions for large-scale melting. The Stone Age man used broken 
pieces of the natural volcanic glass “ obsidian ” for arrow heads and knife blades 
and ever since then the hardness and durability of vitreous material have made 
it a prized possession. Obsidian was used for mirrors and for jewellery and 
became an article of commerce in the Bronze Age, and to-day pumice is used 
as a scouring or polishing material for which there is no efficient and economic 
substitute. 

To all of us glass is known as a manufactured product and it is one of the 
oldest, dating back to 12000 B.c. as a glaze or enamel and to about 7000 B.c. for 
the first moulded articles, some of which have been found in Egypt, but were 
probably imported from Asia (1). An Egyptian glassworks (2) built about 
1500 B.c. shows surprising knowledge and technique—tin oxide was used for 
making white opal glass, cobalt for blue, and copper for turquoise, green and 
red glasses; small bottles, beads and imitation jewels were made in large 
quantities and some quite remarkable carved glass masks and amulets were 
produced. The art was partly lost and then rediscovered in the Roman Empire 
and then in Constantinople; later the Venetian glass makers developed 
the art of making blown articles and fused enamels through the Middle Ages 
until, in the seventeenth century, the scientific basis of glass manufacture was 
laid in “L’Arte Vetraria,” by Neri, published in Florence in 1612. The first 
manufacturing establishment ever built in America was a glass factory, started 
by the English settlers in Virginia in 1609 and devoted primarily to developing 
an export trade. 


The English contributions to glass-making technique started in 1615, when 
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Thomas Percivall developed the coal-fired furnace at a time when the burning 
of wood in glassworks was forbidden owing to the demands of the Navy, and 
again in 1675, when Ravenscroft introduced lead oxide into glass and laid 
the foundations of “English crystal.” Critical examination of the effects of 
composition came from Michael Faraday (1830) and Rev. W. Vernon Harcourt 
(1850), and then from Abbé and Schott in Germany in 1880. But at the begin- 
ning of the present century the manufacture of glass was still a secret art 
in most glassworks, the knowledge and skill of the workers being passed from 
father to son, and the experience of the managers being recorded only in private 
note-books which were kept more carefully and safely than the title deeds of 
the factory. There was little or no fundamental knowledge of the glassy 
state, because the only research had been into factory methods of making and 
working the material itself. In the past 30 or 40 years, however, extremely 
rapid progress has been made in both our fundamental knowledge and our 
ability to melt and to shape the glass in the forms required, so that the period 
of trial and error is coming to a close, and the personal skill and the art of 
the Venetian Guilds has given place to the most precise technical control of 
manufacturing processes and the most penetrating scientific analysis of the 
vitreous state. 

Glass may be defined (5) as “an inorganic product of fusion which has 
cooled from the fluid state to a rigid condition without crystallising.” Although 
it is hard and of great durability and permanence, its physical properties are 
analogous to those of a liquid and the methods of manufacture and of intro- 
ducing various constituents are dependent on the fact that when glass is heated 
it passes gradually into the fluid state without any “melting point” or change 
of state. The atomic constitution of glass is like that of a liquid except that 
the atoms are not free to move at random but are held for long periods 
in positions of stability, so that at ordinary temperatures glass is elastic 
rather than viscous and is impervious rather than miscible. The atoms 
are not, however, regularly arranged as in a crystal, but are linked 
in a random lattice, so that annealed glass possesses none of the special 
properties of crystals such as shear planes or cleavage planes, regular structure, 
or birefringence. Glass is, in fact, one of the most homogeneous materials in 
general use, having solidified without change from the liquid state and being 
as free from defects as a clear liquid. 

Glass, as we know it, is a mixture of oxides, usually of silicon (sand), 
calcium (lime) and sodium (soda), together with small proportions of other 
oxides which are added to give some particularly desirable properties, such as 
boric oxide, to give a lower thermal expansion co-efficient and, therefore, a 
higher thermal endurance; lead oxide to give a higher refractive index; and 
magnesia, alumina, oxides of antimony, arsenic and zinc to assist in melting 
and to improve the durability. Other oxides may be added to give special 
optical properties, such as colour or opalescence, which involve considerable 
complications in manufacture. Freedom from iron is desirable to give high 
transparency, but otherwise few common impurities are detrimental. 

The properties of glass are to a large extent determined by those of its 
surfaces. Glass is, for example, invisible except for the reflection and refraction 
of light which occur at its outer surfaces or at the interfaces of any particles 
within its substance. The chemical resistance of massive glass is very high, 
but the surface may be attacked for a depth of a few microns (one micron is 
one-thousandth part of a millimetre), and if the debris is removed, the attack 
can continue, as in etching by hydrofluoric acid. The mechanical strength 
is limited by the failure of the surface to withstand more than a certain tension, 
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for glass never breaks in pure compression and only very rarely does a crack 
start within the body of the material. The electrical breakdown of glass is 
also a surface phenomenon, largely associated with the absorption of water 
molecules on to the surface of the lattice of oxides. The composition of 
the glass does not affect the mechanical or optical properties to any great 
extent at normal temperatures, except for boron and lead as mentioned above, 
but the composition is of prime importance in determining the chemical 
durability or weathering properties, which are surface phenomena. 

As knowledge grows, so does the complexity of the whole picture of the con- 
stitution of glass and a leading glass technologist, F. W. Preston (4), has recently 
offered the following definition in a moment of temporary despair: “Glass is 
that which, if there were none, we should have to make bottles of something 
else, such as goat-skins.” 


(2) The Requirements for a Light-Transmitting Material 


A material to be used in a lighting fitting should transmit light, should 
be capable of modifying the direction of light so as to give concentration or 
diffusion, and should not absorb more than may be necessary to impart colour 
to the light. In addition, for the maintenance of its performance it should be 
permanent, free from deformation or shrinkage under the conditions of use, 
resistant to scratching and mechanical damage, and easy to clean and keep 
clean. For ease of manufacture, the material should be capable of being readily 
fabricated in a variety of shapes, sizes and surface patterns, should be capable 
of being cut, drilled, bent or easily worked from stock sizes, and should be 
able to take a variety of decorative treatments. 

Glass meets most of these requirements adequately, being almost ideally 
suited to some of them, such as those for optical characteristics, permanence and 
ease of cleaning, but requiring care in other respects, such as in resistance to 
mechanical damage or working from stock sizes. As in most other things, 
there is scope for considerable skill in the proper design and use of glass, 
but it is so very widely used that no other justification is required for the claim 
that it is an entirely satisfactory material whenever its properties can be 
suited to the requirements. It is a matter of good design to choose the right 
type of glass and make it in the right shape so that it works in the right way 
in any particular job. 


(3) The Properties of Glass 
3.1) Mechanical Properties 
The constitution of vitreous materials is so fundamentally different from 
that of crystalline or organic materials that the mechanical properties of glass 
are of particular interest. 


(3.1.1) Density 


Glasses in general use have values between 2.3 and 2.6 grams/cm5, but 
glasses of special composition are available from 2.2 to over 5.0. Owing to 
the relatively low thermal expansion coefficient, the density varies only slightly 
with temperature. 2.5 grams/cm® corresponds to 1.44 ounce/cubic inch, or 
156 pounds/cubic foot. 


(3.1.2) Elastic Constants 


Young’s Modulus is much the same for all silicate glasses and is generally 
about 6 x 1011 dynes/cm2 or 8.5 x 106 lb./in.2, the extreme range being 
5 to 8 x 1011 dynes/cm? or 7 to 12 x 106 lb./in.2. Poisson’s Ratio is also 
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largely unaffected by composition and most glasses lie between 0.21 and 0.26, 
the extreme range being 0.18 to 0.30. Both these properties are substantially 
independent of temperature. Glass is almost perfectly elastic and takes no 
appreciable permanent set even if loaded nearly to breaking point. 


(3.1.3) Ultimate Strength 


The strength of glass in compression is extremely high, and the breakage 
of glass is always due to tensile stresses. The tensile strength of a glass 
article cannot be stated definitely because, in common with all vitreous sub- 
stances, the tensile limit is a statistical function and cannot be predicted with 
certainty for any one article. The average tensile strength can be stated and 
the proportion of articles which will break under a given loading for a given 
time can be calculated; it is usual to regard as the safe tensile limit the 
stress which will cause 1 per cent. of the articles to break under sustained 
loading. This safe tensile limit is conventionally 0.2675 of the average tensile 
strength for short-period loading. 

The average tensile strength of glass depends more on the surface condition 
than on the composition, and the following table gives figures for soda-lime- 
silica glasses. The strength is slightly increased by rise in temperature up to 
150 deg. C. or 200 deg., above which there is a slight decrease. 











Table 1. 
TENSILE STRENGTH OF GLASS 
be ee 
| Average Strength Safe Tensile Limit 
Type of Glass ent Be ah 
| (Ib. /in.?) | (Ib./in.*) | 
| —___________| 
Drawn Sheet Glass } - 
é ‘ : 10,000 2,675 } 
Fire Polished Articles 
Rolled Plate Glas: 
en ee } 5,000 1,338 
Pressed articles 
| Polished Glass “ee Fee mS oak 6,000 1,590 
| Toughened Sheet or Plate ... ie a5 el 24,000 6,250 
Toughened Pressed Articles ni ie 20,000 5,350 


i a ae | 





The effect of the time of loading is indicated by Table 2, due to F. W. 
Preston(5), giving average breaking strength for polished plate glass loaded for 
different periods:— 








Table 2. 
BREAKING STRENGTH FOR POLISHED PLATE GLASS 
Duration of Load | Average Breaking Strength 

| Ib./in’.) 

5 seconds ... ie vas 11,900 

1 minute ant aan Ss a 8,600 
30 minutes... ane wot 6,000 
| 4 hours ~ ae me oe 5,420 


The tensile strength of glass in the form of fine fibres may be as much as 
1,000,000 lb./in.2 because the amount of glass involved in a single fibre is so 
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small that the probability of occurrence of a flaw from which the crack may 
start is relatively low. The strength of the finest fibre approaches the theoreti- 
cal tensile strength, calculated from the interatomic forces. 

The tensile strength is very greatly reduced if flaws are formed in the sur- 
face as, for example, by a diamond cut, by sand-blasting, by chipping, or even 
by sub-visible or sub-microscopic scratches. Depolishing by acid etching may 
not weaken glass and may actually strengthen it by removing flaws present 
in the surface before etching. The ultimate strength is affected much more 
by the state of the surface than by the composition of the bulk glass, and a 
durable glass is usually a strong glass. 

The internal strains left after annealing and the visible or invisible scratches 
and flaws on the surfaces, may or may not reduce the tensile strength of a 
glass article, but good annealing and careful handling during manufacture. 
packing, and storage, generally help to achieve a high tensile strength. A 
very considerable increase in strength can be obtained by pre-stressing the 
surfaces of the article to a high degree of compression, as in the “ toughening ”’ 
process, but this involves a corresponding high degree of tension in the middle 
layers of the article, which may lead to spontaneous breakage occurring with 
explosive violence. The toughening process is therefore only applicable to 
flat sheets and simple shapes, in which stable equilibrium between the forces 
can be reliably obtained. 


(3.1.4) Brittleness 

Glass is undeniably brittle, and it may be of interest to consider what 
physical properties are necessary for a substance to be brittle. First, a 
brittle substance does not yield in shear, and is not ductile. Secondly, it has 
a high Young’s Modulus and is not jelly-like. Thirdly, it has a relatively high 
tensile strength and is not friable. Fourthly, a brittle substance “must be 
capable of developing forked fractures from internal stress, and a single 
fissure must be capable of developing radiants or other fissures even when 
travelling with explosive violence” (6). Fifthly, a brittle substance is in- 
capable of absorbing a large proportion of the energy of the breaking force in 
the development of the fracture. 


(3.1.5) Hardness 


The hardness of glass cannot be measured by Brinell or Pyramid tests 
because it takes no permanent deformation, but by scratching tests it may be 
placed in Moh’s scale between apatite (No. 5) and quartz (No. 7). The hard- 
ness measured by rate of abrasion relative to fused silica is about 80 per cent. 
for heat-resisting (borosilicate) glasses, 60 per cent. for commercial (soda-lime) 
glasses, and 40 per cent. to 20 per cent. for heavy flint (lead) glasses. Experi- 
ments with glass gauges during the war showed less wear on soda-lime glass 
than on hardened steel over long periods. 


(3.2) Thermal Properties 
(3.2.1) Specific Heat 

The specific heat of glass is higher than that of many materials, being 
between 0.13 calories/gram. deg. C for lead glasses and 0.19 cal./gm. deg. C 
for soda-lime glasses. This may mean that a glass component in a lighting 


fitting will take longer to warm up or cool down to a steady temperature than 
the other components. 


(3.2.2) Thermal Conductivity 


An average figure for the thermal conductivity is 8 B.Th.U./sq. ft. hour for 
a gradient of 1 deg. F per inch, or 0.0025 cal./cm.2 sec. deg. C/cm., and this 
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is not greatly affected by composition. For higher temperatures, the 
thermal conductivity is somewhat higher, being about 0.0028 cal/cm.2 see 
deg. C/cm. at 100 deg. C. These values are much greater than for most organic 
materials, but less than for metals. 


(3.2.3) Thermal Expansion 


The linear expansion coefficient depends on composition, but is smaller 
than for most materials in common use. The value varies from 3 x 10-6 cm/cm, 
deg. C for hard borosilicate glasses to about 12 x 10-6 cm/cm. deg. C for soft 
glasses containing high proportions of alkali and lead, these values being almost 
independent of temperature below 300 deg. C. The expansion coefficient of 
commercial soda-lime glasses is about 9 x 10-6 cm/cm. deg. C. Special glasses 
are available which match the expansion coefficients of certain alloys and pure 
metals, notably molybdenum (5.5), platinum (8.9), and iron (11.5), and these are 
widely used in lamp making and in electronics. 

(3.2.4) Annealing and Softening Temperatures 

As glass is physically a “ stiff liquid,” it has no melting point and it softens 
gradually as the temperature is raised above some value known as the anneal- 
ing temperature, which depends’ on composition and which varies between 
about 400 deg. C for soft lead glasses and 800 deg. C. for hard borosilicate 
glasses. The “softening temperature” is defined as that at which the glass 
has a viscosity of 107-6 poises, and the values vary between 550 deg. C and 
900 deg. C according to composition. 

The process of annealing glass has a different purpose from that for 
annealing metals, in which it is desired to obtain a uniform distribution of 
crystal size, or for plastics, in which the “cure” is used to obtain a desired 
degree of polymerisation. Glass has no crystalline or regular molecular struc- 
ture, and the purpose of the slow cooling of a glass article from the soft state 
to normal temperatures is to.allow all parts of the article to solidify at the same 
rate, so that there are no differential contractions which would cause internal 
strains. The controlled cooling must cover the range from the upper annealing 
temperature, at which the glass is so soft that strains are released immediately, 
to the lower annealing temperature, at which the viscosity is so high that any 
permanent yield cannot occur; these two temperatures are defined by viscosities 
of 1011 poises and 1014 poises, and the values for commercial soda-lime glass 
are 580 deg. C and 480 deg. C respectively. This means that a soda-lime glass 
may become “ dis-annealed ” if it is heated above 450 deg. C, and this should 


be regarded as the maximum working temperature for ordinary glass under 
any circumstances. 


(3.2.5) Thermal Endurance 


The thermal endurance is an arbitrary figure which is a measure of the 
ability of a glass to withstand sudden changes of temperature, and a standard 
test (7) gives the average sudden temperature drop necessary to cause break- 
age in beakers of standard shape and of 1.0 mm. wall thickness. . Values range 
from about 100 deg. C for soft glasses to 350 deg. C for hard borosilicates, repre- 
sentative figures for commercial glasses being 120 deg. C to 130 deg. C. 

The temperature shock which any particular article will stand depends 
on its shape and thickness, and is subject to the same statistical scatter as the 
tensile strength. 


(3.2.6) Heat Resistance and Heat Absorption 


Distinction should be drawn between “ heat-resisting ” glasses which have 
a low thermal expansion and a high thermal endurance, and “ heat-absorbing” 
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glasses which have a low transparency for infra-red radiation. Most heat- 
resisting glasses have a fairly high infra-red transparency, but actual values 
depend largely on the proportion of ferrous iron in the glass. Commercial 
soda-lime glasses are not regarded as either heat-resisting or heat-absorbing, 
and ordinary 24-0z. window glass (0.12 in. thick) absorbs only 10 per cent. to 
20 per cent. of the radiant heat from an average tungsten filament lamp. 


(3.3) Electrical Properties 

Glass is generally regarded as very good insulator, and any detailed 
statement would not be appropriate in this paper, but it may be noted for the 
sake of completeness that commercial soda-lime glass has a permittivity of 
about 5.5; a dielectric loss factor of about 0.03; a specific resistivity of about 1011 
ohms/cm. cube; a surface resistivity of about 109 ohms/cm. square, depending 
on atmospheric humidity and on temperature; and a dielectric strength of the 
order of 500 KV/cm. These figures are only representative and should not 
be regarded as precise, because the effects of changes in composition, treatment, 
and conditions of use are relatively large. 


(3.4) Chemical Properties 


The durability of glass, that is its resistance to chemical attack, is in 
general very good for commercial glasses. Nitric, sulphuric, and hydrochloric 
acids have no marked corrosive effect, and the caustic alkalies only depolish 
the surfaces if they are both hot and concentrated. The solvent and etching 
action of hydrofluoric acid is well known, although the acid does not penetrate 
deeply unless the debris is continuously removed. A white film may be 
formed by the action of hot gases containing sulphur, such as furnace fumes, 
but this is removable by washing, although after a time the glass may be per- 
manently depolished. Glass is unaffected by any organic solvent, although 
some organic acids have a slight etching effect. 

It may be noted that glasses of poor durability are made for special 
purposes, and these may be affected by dampness at ordinary temperatures, 
and that glasses containing lead or antimony may be attacked by chemically 
reducing gases, such as a reducing flame, which may cause a black film to form 
on the surface. 


(3-5) Optical Properties 
The effects produced on light passing through glass include refraction, 


reflection, diffusion, and absorption. Values are given in this section and a 
discussion of optical principles is given in section 4. 


(3.5.1) Refraction 


It is a fundamental property of all transparent materials, from gases to 
diamonds, that the direction of a ray of light is changed when it passes obliquely 
through a surface which separates two different materials. The “refractive 
index” is a measure of this change and is of great importance in the design 
of prismatic glass articles which are intended to make substantial changes in 
the directions of rays. Parallel-sided glass sheets show no change of direction 
in a transmitted ray because equal and opposite changes occur at the two 
surfaces whatever the refractive index. 

The refractive index of glass for yellow light (Na) varies from 1.45 to about 
2.0 for the whole range of optical glasses, but commercial soda-lime glasses 
are between 1.50 and 1.53. For blue light, of shorter wavelength, the refractive 
index is higher, and for red light, of longer wavelength, it is lower, and thus 
a glass prism may be used to analyse a beam of light because it will change 
the direction of blue light more than that of red. This property is measured 
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by the “dispersion” or by the v-value, which is defined as (Ng-1) / (N;-N,) 
where N, and N, are refractive indices for the blue F-line and the red C-line 
given by a hydrogen discharge lamp. Values of v vary from 20 to 70, depending 
on the composition of the glass, a typical value for soda-lime glasses being 60, 
A high y-value corresponds to a small dispersion and thus to a short spectrum, 


(3.5.2) Reflection 


Reflection of light occurs when there is an abrupt change in refractive index, 
as at an air-glass surface or at a glass-metal surface, and the reflection factor 
is dependent on the refractive indices and on the angle of incidence (8). For 
ordinary sheet glass in air, the reflection factor is about 4 per cent. for each 
surface at any angle of incidence on the air-glass surface up to 45 deg., increas- 
ing to 9 per cent. at 60 deg., 25 per cent. at 75 deg., and 100 per cent. at 90 deg. 
(grazing incidence). The reflection factor for diffused light is therefore greater 
than for normal directed light and for sheet glass is about 8 per cent. for each 
surface. For prismatic glass, the reflection factor may be less than for flat 
sheet, but the phenomenon of total internal reflection may occur giving unity 
reflection factor for rays which strike a glass-air surface at more than the 
“critical angle.” This angle is also related to refractive index and is about 
41 deg. for commercial soda-lime. 

For a piece of glass in water of refractive index 1.33, the difference of 
refractive indices is less than in air, and the reflection factors are accordingly 
reduced and the critical angle is increased. A thin film of a low-index 
material on a flat glass surface would reduce its overall reflection factor, the 
minimum being given when the material has a refractive index which is the 
geometric mean of those of the glass and of air (usually taken as unity). It 
the film is sufficiently thin, destructive interference can occur leading to zero 
reflection factor and 100 per cent. transmission factor through the composite 
surface, as is demonstrated by the various non-reflecting films and blooming 
processes developed for optical instruments. It may be noted that because 
refractive index, reflection factor and interference all depend on the wave- 
length of the light, there is a residual coloured reflection from any non- 
reflecting film. 

If the glass surface is irregular, as in obscured glass, the reflection factor 
is greater than for a plane surface owing to the oblique incidence of the light 
on the facets of the surface, and typical diffuse reflection factors for sheet glass 
etched or sand-blasted on one side are 10 per cent. to 25 per cent. depending 
on the depth of the depolishing process. 

Reflection in opal glasses is caused by particles of different refractive index 
which are distributed through the substance of the glass. The particles may 
be gas bubbles, or they may be globules of different composition, as in 
phosphate or stannous opals, and the reflecting properties depend on their 
size and concentration and on the refractive indices. The mathematical rela- 
tions have been fully described by Ryde and Cooper (9), and the application 
of the formulae has also been described (1°). White opal glasses have diffuse 
reflection factors from 30 per cent. to 80 per cent., and opalescent glasses range 
from 10 per cent. to 45 per cent. 


(3.5.3) Diffusion 


Diffusion cf light may be random or controlled and may apply to both 
transmitted and reflected light. The effect may be obtained by surface treat- 
ment as in depolished, figured or prismatic glass, or by internal scatter as in 
opal glass. Diffusion is generally thought to involve considerable loss of light, 
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THE MANUFACTURE OF LIGHTING GLASS 


but this is not generally true, the loss being due more to absorption by the 
opaque parts of a fitting than to absorption in the glass. 

There is no generally applicable measure of diffusing power. For a surface 
diffuser, such as etched glass, the angular divergence imparted to a narrow 
incident beam of light is an indication of the obscuring power and representa- 
tive figures are as follows: 


Table 3. 


DIFFUSION CHARACTERISTICS OF GLASS 





Diffuse Diffuse Angular Spread to 
Reflection Transmission 10% of the maximum 
| Glass Factor Factor transmitted intensity 
(per cent.) (per cent.) (deg.) 
| 





Etched surface—fine... Sas _ 10 85 + 2 
| Etched surface—coarse ... ens tae +20 
| Sandblasted surface... ose ae +15 
| Stippolyte Rolled Plate ae ‘iss + 7 
| Pinhead Morocco ne ree 73 +15 
Cross Reeded _... bie PP age +13 
Se er ee +9 

Opal Glass (typical) ... ~ ee +80 

















For opal glasses, in which the diffusion is due to the scattering of light by 
particles suspended in the substance of the glass, the diffusing power is 
dependent on the size, concentration and refractive index difference of the 
particles. Rye and Cooper defined a scattering coefficient (q) which may 
vary from zero for clear glass to about 500 for dense flashing opal. A common 
test for opal glass is to see whether the filament of a clear lamp can be seen 
through the glass; satisfactory obscuration is given when the product of the 
scattering coefficient (q) and the thickness in cm. of the diffusing layer 
is about 12.5. Thicker glass will in general give no better diffusion and may 
lead to greater loss of light, due to its higher reflection and absorption factors. 


(3.5.4) Absorption 


The absorption of light in uncoloured glass is small, but coloured glass 
may absorb very considerably. The measure of absorption is the loss of flux 
during the passage of light through a given thickness, the loss being expressed 
either as the percentage lost from the total incident flux (absorption factor) 
or, for transparent glasses, as the optical density which is the common 
logarithm of the reciprocal of the transmission factor. 

For nominally uncoloured transparent glass, the absorption factor for a 
}-inch thickness varies between 0.2 per cent. for the clearest optical glass to 
about 5 per cent. for the greenish sheet sometimes supplied as “horticultural 
glass.” The greenish colour may not mean that the absorption is higher than 
in a colourless glass, because decolourisers may have been added to the latter 
which have masked the green colour but increased the absorption. For com- 
mercial sheet glass 4-inch thick (24 ounce per sq. ft.), the absorption is of the 
order of 2 per cent., and the loss of transmission is due more to reflection than 
to absorption. 

White opal glass absorbs more than transparent glass because the diffusion 
causes the light rays to travel several times the thickness of the sheet before 
they leave the second surface. A good quality opal glass should not absorb 
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more than 5 per cent. in sheet form or 10 per cent. as a complete spherical globe 
for a thickness which just obscures the filament of a lamp, and there is no 
great difference between a good “flashed” opal and a good “pot” opal. The 
British Standard 324 allows a maximum absorption of 17.5 per cent. for a com- 
pletely spherical globe. The loss of light in an opal fitting is, however, due more 
- my — by the metal canopy and lamp ‘holder than to that in the 
glass (1°). 

Absorption in coloured glass is too complex a problem to be fully discussed 
here, but some typical figures may be given:— 


Table 4. 


TRANSMISSION OF COLOURED GLASS 








Range of typical Transmission Factors 
Glass for Incandescent Filament Lamp 
(per cent.) 
Red... ion = ae 2 — 30 
Yellow ioe see — 30 — 75 
Green ... <— sae oe 5 — 35 
Blue ... ne pea ve 05 — 10 
Purple one oo ove 01— 2 
Cee” cigs aes SC = 














These figures refer to fairly strongly coloured glasses, but the loss of light 
is due to the selective absorption necessary to produce the colour and similar 
figures are found for other types of material, such as coloured solutions or 
organic dyes. Glasses are, of course, available showing much more absorp- 
tion than those above, and as an extreme example, the welder’s goggles covered 
by the British Standard Specification 679:1947, have an absorption between 
99.99953 per cent. and 99.99982 per cent. for the densest grade, corresponding 
to transmission factors of 0.00045 per cent. and 0.00017 per cent. The so-called 
“black” glass or Wood’s glass used for ultra-violet effects usually has an 
absorption over 99.99 per cent. in the visible region (transmission factor under 
0.01 per cent.), but in the near ultra-violet it is reasonably transparent. The 
“daylight ” or “correctalite” glass used with filament lamps for partial colour 
correction has a relatively strong absorption at the red end of the spectrum, 
diminishing towards the blue end and so correcting the excessive red emission 
from filament lamps. 


(4) The Principles of Reflection and Refraction 


Glass is so widely used for the control of light distribution that a brief 
re-statement of the principles of the optical effects may be of use. No optical 
system can increase the amount of light from a source or increase the luminance* 
of the source. All that a reflector or refractor (lens) can do is to redirect the 
light which falls upon it, whether it be made of glass, a noble metal, or an 
acrylic resin; but the power of concentrating the luminous flux into a narrow 
angle and so giving a high intensity (candle-power) has given the erroneous 
impression that some designs of fitting magnify the light output from the 
source (11), 

Fig. 1 (a) shows diagrammatically the reflection of light at a white surface 
such as enamel, the reflected light being mainly diffused, and Fig. 1 (b) shows the 





*“Luminance” is the word which was recommended in 1948 for international adoption 
for the meaning “ photometric brightness’ or intensity per unit area. 
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THE MANUFACTURE OF LIGHTING GLASS 

effect with patterned or opal glass, in which a proportion of the light is reflected 
and a rather larger proportion is transmitted with degrees of diffusion on both 
sides depending on the properties of the glass. 


Fig. 2 (a) shows ray paths in reflection at a flat mirror surface and Fig. 2 (b) 
represents a thick plate of glass. Neither has any magnifying or concentrating 
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Fig.l. (a) Reflection by a white surface. (b) 
(b) Transmission through a diffusing Fig. 2. (a) Reflection by a flat mirror. 
glass. (b) Transmission through plate glass. 


effect, the angular divergence of the rays after reflection or refraction being the 
same as before. 

Fig. 3 (a) shows the effects of oblique incidence on a flat mirror, again with- 
out any concentrating effect, and Fig. 3 (b) shows the ray paths through a wedge 
or prism of glass. The emergent rays are all deviated by an amount depending on 
the angle of incidence as well as on the angle of the prism, which leads to a 
certain degree of concentration between the uppermost rays and added 


Fig. 3. (a) Reflection by a tilted mirror. 
“—~ _ (b) Ray paths through a prism. (Refraction). 
/ 
(a) 


(b) 


























3 g Fig. 4. (a) Reflection by a true 
L- curve (parabolic) mirror. 
—. (b) Ray paths through a curved 
_ prism or lens. 
—— ” 





(b) 
(a) 

divergence between the lower rays, the extreme ray being totally reflected at 
the second face because the angle between the ray in the glass and the surface 
of the glass is too small. 

Fig. 4 (a) shows a curved mirror, in which the angle of the mirror has been 
so matched to the angle of the rays from the source that all the reflected rays are 
parallel, the curve being the well-known parabola. Fig. 5 (a) shows the lack of 
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parallelism (spherical aberration) which occurs with a circular curve. Fig. 4 (b) 
shows a curved prism or lens in which the curvature has been so chosen az 
give parallel emergent rays, the curve in this case being approximately 
elliptical, and Fig. 5 (b) shows the spherical aberration given by a circular cur: 








Fig. 5. (a) Reflection by 

circular or spherical minty, 

(b) Refraction by a circular, 
spherical lens. 





small prisms to give a refractor plate, also known as a Fresnel plate as i 
Fig. 6 (a) or a step lens as in Fig. 6 (b), giving a saving in weight and cost ay 
allowing different degrees of redirection to be obtained easily. 

Fig. 7 shows two forms of prismatic reflector employing the total intem 
reflection effect noted in Fig. 3 (b) to give either a reinforcement of the dired 


Fig. 6. (a) Prismatic lens p 
(Fresnel lens). 
(b) Prismatic lens. (Inside ste 
lens). 








light from a source as in Fig. 7 (a) or a beam of light as in Fig. 7 (b). In thi 
system each ray suffers two refractions and one or two reflections and gov 
design with accurate manufacture are necessary for satisfactory performance. 

The purpose of the reflector and the refractor used in any lighting fitting i 
to collect a proportion of the light from the source and to project it inj 


Fig. 7. (a) Prismatic reinforcing reflects 
(b) Prismatic beam-forming reflector. 


preferred direction with a reasonably high efficiency. Where a high degree 
concentration is not required a diffusing surface or material may be employd 
so that each element of the optical system will project light over a wider ang 
and at a correspondingly lower intensity, giving a larger “ flashed area” and 
reduced luminance on the surface of the fitting. The greater the diffusion the 
less critical the requirements for dimensional accuracy and the less precise t 
control of illumination. 
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(5) Manufacturing Processes 

In this section of the paper it is intended to give a general outline of the 
manufacturing methods and to indicate some of their limitations. 

The principal raw materials are sand, lime and soda, with magnesia, potash, 
borax and lead added to some glasses to give particular properties, and these 
are thoroughly mixed in the form of a dry powder, known as “ frit.” In addition 
aproportion of clean scrap glass, known as “ cullet” is always added, the amount 
varying from 5 per cent. to 80 per cent., depending on the wastages occurring in 
the later processes of manufacture. The “batch” may be melted in small units 
in pots, which are fireclay crucibles holding from 5 cwt. to three tons, or in 
lange bulk in a tank furnace which is constructed of fireclay-block walls and 
bottom with a crown of silica brick, and which may hold from two to several 


Mm Fig. 8. Manu- 
facture of rolled 
plate. A 


furnace ‘teaser’ 


pune tending the raw 


material as it 
enters the 
melting tank 


thousand tons. The temperature of the melting furnace may be 1,350 deg. C. to 
1650 deg. C., depending on the kind of glass, the heating being by gas or oil 
flames. Furnace design is a complex problem, but modern glass furnaces have 
a high thermal efficiency in comparison with those used in the manufacture of 
other materials. (Fig. 8) 

As the temperature rises, the alkalis melt and react with the sand and 
dissolve the lime, yielding a viscous mass in which the rest of the sand dissolves 
as the melt becomes hotter and more fluid. Gases are evolved and assist the 
mixing of the melt, but the removal of the small bubbles (plaining) takes much 
longer than the completion of the fusion process and higher temperatures are 
Tequired to accelerate the plaining. These higher temperatures also increase 
the rate at which the fireclay containing the glass is being dissolved and it is 
hecessary to compromise between freedom from bubbles and freedom from the 
“striae” and “stones” which may come from the fireclay. Eventually the 
glass becomes a clear, colourless liquid, about as viscous as warm treacle. 

The founding temperature is too high for working the glass and it must be 
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Manufacture of rolled plate. The annealed glass 
cooling off and being cut to size. 


Fig. 9. Manufacture of 

rolled plate. The hot 

glass passing through 
the rolls. 


allowed to cool to perhaps 
1,000 deg. C. or 1,100 deg. C. 
to make it stiff enough to 
handle. The methods of 


shaping it include rolling, 
drawing, blowing and press- 
ing, and these will be con- 
sidered separately. 

More complete informa- 
tion may be obtained from 
text-books (12). 


_ (5.1) Rolled Plate Glass 


This is one of the simp- 
lest forms of manufacture, 
the glass being allowed to 
flow over a weir at the end 
of a tank and passing be- 
tween rollers which set its 
thickness and chill it suffi- 
ciently to form a soft ribbon 
(Fig. 9). This may be up to 
8 ft. wide and 4 in. to § in. 
thick and it may have a 
figured pattern impressed on 
one or both surfaces by using 
suitably patterned rollers. 
Although the method is 
simple, it is extremely criti- 
cal of temperature fluctua- 
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tions and it requires heavy and elaborate machinery, which means that it is only 
economic to make large quantities. The ribbon passes down an insulated tunnel, 
known as a lehr, the degree of insulation being adjusted to give the right 
temperature gradient for efficient cooling without the introduction of stresses in 
the glass, and finally it is cut by diamonds or wheels to the sizes required for 
stock or for orders (Fig. 10). The rate of production is many tons per day and 
the glass is usually packed and dispatched immediately to avoid the difficulties 
of storage. 

The pattern rolled on the glass is, of course, cut as a negative on the first 
or second roller at the hot end and may be changed during the run, although 
any break in the production causes appreciable losses. For continuous pro- 
duction, the pattern must be fairly shallow and free from sharp recesses in the 
glass but there is an alternative discontinuous process, known as the “ table- 
rolled” process, by which very bold patterns can be produced. In this process, 
a 120-lb. ladleful of hot glass is dropped into the space between two rollers and, 
after passing under a patterned roller, is received on a moving table as a sheet 
about 4 ft. x 12 ft. with the pattern on the upper surface. There is also the 
“Bicheroux” process, in which a whole pot of glass, weighing perhaps three 
tons, is poured into a similar type of machine to yield large plates with rough 
surfaces which are subsequently ground and polished to form plate glass, the 
thickness being up to 2% in. 

Rolled plate glass is usually rather greenish in colour but otherwise of 
excellent quality and uniformity, as indeed it must be if the process is to be 
operated satisfactorily. The panes are cut to size by hand or by wheel cutters 
and are usually true to within + 1-16 in. The usual thicknesses are 4 in., 
3-16 in., } in., § in. and 4 in. and the glass is usually up to 15 per cent. thicker 
than the nominal value. The weight of } in. glass is 3} lb. per sq. ft. 

Polished plate glass, obtained by mechanically grinding and polishing both 
surfaces of rolled plate, either on large tables or continuously (Fig. 11), is 
usually of a high quality. Thicknesses vary from 1-16 in. to 4 in. in steps of 
1-16 in. and to greater values in steps of 4 in. 


(5.2) Drawn Sheet Glass 
The sheet glass with which we are all familiar is produced by a drawing 


Fig. Il. Manu- 
facture of con- 
tinuous ‘twin’ 
polished plate. The 
annealed glass be- 
ing ground on both 
surfaces. 
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process in which a clear ribbon is drawn out of the tank of molten glass. Earlier 
methods of manufacture include the “crown” process which is of great 
antiquity and remained in general use until last century; the “hand cylinder” 
process in which a highly-skilled glass blower produced a tube-shaped globe 
some 15 in. diameter x 60 in. long by the combined effects of gravity, centrifugal 
force, thermal expansion and lung pressure, this cylinder being subsequently 
split down its length and flattened to form a sheet 45 in. x 60 in. and the 
“machine cylinder” process in which a cylindrical tube of glass some 25 in. to 
30 in. in diameter and 30 ft. to 40 ft. high was drawn straight out of a pot of 
glass. A continuous cylinder process was perfected and is still in use, but the 


flattening does not completely remove some waviness or undulation from the 
sheet. 


During the past 30 years, several processes of flat-drawn sheet have been 
developed. As an example, if the edge of a knife-blade is dipped into a dish of 
treacle and then rapidly withdrawn, a flat film of treacle is drawn up. This 
is quickly contracted to a thread by the effects of surface tension, but a glass 
film drawn in the same way would cool rapidly and remain extended and fiat. 
It is, however, found that the width of the film decreases as more glass is drawn 
out and much ingenuity has been devoted to the problem of maintaining a 
uniform width. 


In the “ Pittsburg” process, the edges of the sheet are lightly gripped and 
shielded from high-temperature radiation so that they quickly become rigid. 
The sheet of hot glass is kept flat by its own surface tension and it is carried 
upwards by rollers between which it passes after it has cooled sufficiently to 
become hard, so that the surfaces are unspoilt. The sheet passes continuously 
through a vertical annealing lehr and is cut off automatically at the top (Fig. 
12). The ribbon of glass may be up to 7 ft. wide and } in. thick, produced at a 
rate of several miles per day. 

Tubing and rods are also made by drawing processes, either by hand for 
lengths up to 100 ft. or more usually by machine. The circular shape is 


Fig. 12. Manu- 
facture of flat 
drawn sheet. Cut- 
ting the glass at 
the top of the lehr 


and removing for 





stacking. 
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dynamically stable and the drawing presents less difficulty except that toler- 
ances on wall thickness or diameter may be very close. 


The thickness of sheet glass is usually expressed in millimetres or in ounces 
weight per square foot. The thinnest generally available is 1.1 mm. or 9 ounce, 
and other standard weights are 12 ounce, 18 ounce, 24 ounce, 32 ounce and 42 
ounce. The thickness of 24 ounce sheet is almost exactly 4 in. 


Although sheet glass is usually uncoloured, there are several varieties of 
coloured sheet. This may be through-coloured, which is made by the “ hand- 
cylinder” process from coloured glass, or it may be a “ flashed” colour with a 
layer of dense coloured glass on one surface, which is made by either the hand- 
cylinder or flat drawn process. The flash and the base glass are brought 
together and the sheet is formed from the two components simultaneously. The 
standard weights for coloured glass are 15 ounce, 21 ounce, 26 ounce and 32 ounce, 
and the depth of colour is suited to particular requirements by adjusting the 
composition to give the right degree of absorption in each thickness. 

Sheet glass may be bent to give dished or trough shapes which are often 
used in lighting fittings. This requires the flat glass to be cut to size and then 
to be placed on an iron, sand or plaster mould in a hot kiln at such a tempera- 
ture that the glass sags under its own weight and takes up the shape of the 
mould. For deep bends or for irregular shapes, higher temperatures are re- 
quired and the surface of the sheet may become pitted, but otherwise the bend- 
ing process is fairly straight-forward. 

Etching, sandblasting and lacquering are commonly used to give diffusion 
or colour and call for little comment. The toughening process used for increas- 
ing the strength of flat sheet or simply shaped bends involves re-heating of the 
glass to a temperature just below the softening range and then chilling it very 
rapidly by air blasts or by immersion in a salt-bath; this cools and sets the 
surface layers whilst the central layer is still hot so that the subsequent con- 
traction of the central layer induces a surface compression which must be 
overcome before the glass will break. This process is rather tricky but yields 
very good results when properly applied. 


(5.3) Blown Glass 


The blowing process is the oldest method of shaping a glass article direct 
from the molten state and it has not changed in its fundamentals since the 
thirteenth century, although recent automatic processes seem to bear little 
resemblance to the technique of the Venetian glass blowers. The principal 
tools are a blowing iron and a mould, the blowing iron being a steel tube on 
which a gob or “gathering” of molten glass is gathered at one end and the 
mould being an openable former in which the gob is blown to shape by air 
pressure down the tube. Care is needed to get the hot glass correctly shaped or 
marvered on the blowing iron so that it extends with uniform thickness when 
air is blown down the tube and it is general practice to keep the iron and the 
glass rotating all the time to preserve symmetry. The glass is usually partly 
blown to the required shape by “ off-hand” blowing, using gravity or simple 
tools to obtain the shape, and it is them placed inside the mould, which is closed 
and locked before added air pressure is applied to force the glass up to the 
inside shape of the mould. After a period just sufficient for the glass to set, 
the mould is opened, the globe is cracked off the pipe and placed in an anneal- 
ing lehr to remove the strains and to cool it uniformly. 

The automatic processes include highly ingenious devices for gathering and 
marvering, which are the most critical stages of the process, and for handling 
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Fig. 13. Manu- 
facture of blown 
glass. A _ heat 
resisting glass 
globe after blow- 


ing in the mould. 


the finished globe. In one process, the gob of glass is shaped in a parison mould’ 
by a pressing process, the neck of the finished article being formed and allowed 
to harden before it is transferred automatically to the finishing mould, where 


air is blown through the neck to form the shape required. This is the process 
by which the great majority of bottles and containers are made. 

There is another automatic blowing process which is comparatively new in 
principle, the hot glass being supplied to the blowing machine in the form of 
a rolled strip or ribbon which passes over the orifices of the moulds and is 
blown down into them by air as the ribbon and the moulds move along together. 
Machines of this type may produce 10 to 15 bulbs per second. 

In the lighting industry the blown globes are for the most part hand-made, 
the notable exception being electric lamp bulbs, and a variety of glasses may 
be used to give opal, coloured, “flakestone,” heat-resisting or other charact- 
eristics. Opal globes are usually made with three layers, a thin clear layer on 
the inside, a thin layer or “flash” of opal glass and a thick clear outer layer, 
because by this means the glass can be more readily maintained of consistent 
quality and can be made more cheaply than solid or “pot” opal: Where a 
colour is required, it may be made in the same way and the modern coloured 
opals embody a central layer of tinted opal glass rather than a white opal flash 
and a coloured base. The “ flakestone” type of globe is made by covering the 
gathering of hot glass with broken chips or threads of tinted or opal glass and 
then re-heating it before blowing it to shape. Care is needed in matching the 
properties of these multiple glasses to avoid strains or cracking in use. Heat- 
resisting globes are made from a batch containing boric acid and with much 
less alkali than ordinary soda-lime glass and the term “ borosilicate ” covers 
a wide range of glasses of different heat-resisting properties according to their 
composition, the methods of shaping being the same as already described except 


— 


: *A mould in which glass is partially preshaped before being transferred to the final mould 
is called a parison mould 
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that the process is carried out at higher temperatures because the glass is stiffer. 
Fig. 13 shows a large heat-resisting globe after withdrawal from the mould. 

The dimensional accuracy of hand-blown globes may be variable due to the 
nature of the process, the thickness varying perhaps + 50 per cent. and the 
diameter varying perhaps +. 2 per cent. from the average values. Globes made 
automatically are usually much more consistent, the tolerances being measured 
in thousandths of an inch. Recent work by the British Standards Institution 
has simplified the problems of neck dimensions although there is still room for 
more standardisation. 

In addition to globes there are special products such as bowls, parabolic 
reflectors, patterned diffusers, and even prismatic refractors which are made 
by the blowing process. Bowls are made as globes which are split to give the 
portion required, the method of splitting being a diamond mark which is locally 
heated by a pointed flame to introduce the stresses to make it crack; patterned 
diffusers are made by blowing into a patterned mould with higher air pressure 
and without attempting to rotate the glass in the mould; prismatic refractors. 
are made by a rather critically balanced process in which the temperature is 
adjusted to allow the globe to ‘be blown to shape but not to allow the prisms 
to sag and lose their shape. 


(5.4) Pressed Glass 
The pressing process is capable of forming articles of complex shape with 
accuracy and speed and it is used for the majority of the special glass com- 
ponents in lighting fittings. The process uses a closed iron mould into which a 
gathering of hot glass is dropped before the mould parts are brought together, 
the mould being opened again as soon as the glass has had time to become hard. 
The mould consists essentially of three parts; the “body” of the mould is 
made of cast iron and is the hollow part which forms the outer surface of a 
glass bowl-shaped pressing or the smoother surface of a flat glass pressing, the 
“plunger” is the solid part which forms the inner surface of a bowl or the 
figured surface of a flat pressing, and the “ ring” is a member which fits on top 
of the body and around the plunger to form the edge of the glass pressing. The 
first essential requirement in design is that the plunger should be able to with- 
draw from the glass pressing after it has set. Secondly, the outside shape of 
the pressing should be such 
that it can be removed from 
the body, which can be 
made in three or four 
openable sections if neces- 
sary. Thirdly, the thick- 
nesses must be fairly uni- 
form and should generally 
be less near the edge than 
in the centre to enable the 
hot glass to flow easily. 
Fig. 14 shows a_ typical 
mould consisting of a 
plunger with a prismatic 
pattern, a plain ring and a 
body which is hinged at the 
sides to allow it to open 
so that the glass can be 


removed. , Fig. 14. Manufacture of pressed glass. The mould used for 
In making a_§ glass a street lighting refractor. 
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pressing by hand-operation the 
“ gatherer ” gathers a sufficient 
quantity of hot glass from the 
furnace on the end of his 
gathering iron, sometimes 
called a “solid pipe” in some 
of the older glassworks, and 
holds it over the body of the 
mould; the hot glass drops off 
and the “ presser” cuts off the 
tail with shears when he has 
judged that the correct amount 
of hot glass has dropped; the 
ring is placed on top of the 
body and these are moved 
across the table of the press to 
‘ . register underneath the 
Fig. 15. ae 7 wre ota Cutting off the sieminee abbily smn eo ‘enoved 
up or down a slide by means of 
a lever; the plunger is brought 
down and squeezes the hot glass up the space between plunger and body until 
this is filled up to the ring, which is held in place by stiff springs carried on the 
plunger mechanism. The glass quickly loses its heat to the mould and the 
plunger must be raised as soon as the glass is set and before it starts to contract; 
the ring is removed and the mould drawn away from the plunger slide and 
Placed under an air blast to keep the inner surface of the glass cool. In the 
meantime, the gatherer has another gathering ready and this is dropped into a 
second body which fits the same ring and plunger so that production can 
continue while the first glass is cooling in the first body part of the mould. 
After a while the body is opened or inverted and the glass is picked up by 
asbestos-insulated supports and transferred to a lehr for the removal of strains 
and for controlled cooling. Fig. 15 shows the gob of hot glass dropping into a 
mould and the tail being cut off with shears. It may be noted that this mould 
is not the same as that illustrated in Fig. 14. Fig. 16 shows the completed glass 
after removal from the mould. 
Automatic pressing is the 
same in its essentials, but as 
many as twelve bodies may 
be needed to keep. the 
machine working at its opti- 
mum speed. The: hot glass is 
fed into the bodies in gobs of 
the right weight, allowed a 
second or two to settle, 
pressed very quickly, cooled 
by an air blast and the article 
is removed from its mould 
about 30 seconds after the 
hot glass dropped in. Such 
a machine may produce 1,000 
to 2,000 articles per hour and 
automatic stacking equipment 
is required to remove the 








é . Fig. 16. Manufacture of pressed glass. The glass from 
pressings and place them in the mould shown in Fig. 14. 
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the lehr: The very short time of dwell and the severe cooling in automatic 
presses does not give the same accuracy in a heavy or complex design as can 
be obtained in a hand-operated press for smaller quantities. 

The limitations of the pressing process are important. It is fortunate that 
the thermal expansion of cast iron up to 350 deg. C. is about the same as that of 
soda-lime glass up to 600 deg. C. so the finished size of the glass pressing is 
closely the same as the original size of the mould, but even so the glass may not 
be dimensionally accurate to better than + 1 per cent., although the glasses 
in any one shift are likely to be within +.0.3 per cent. of each other. The 
surface quality is largely dependent on the surface polish of the mould, but the 
surface may acquire “ flow marks ” or “ chill marks ” during the pressing process 
and these may be objectionable. The “shear mark” made when cutting the gob 
off the gathering iron never properly remelts and it is a matter of skill for the 
presser to put this mark on some part of the article where it will not show. 
The pressure required depends on the temperature of the hot glass and on the 
dimensions of the pressing, and may be up to five tons on the plunger for a 
large heat-resisting cover glass for a floodlight. This high pressure may cause 
partial cracking of the glass unless it is released at the right moment and it is 
regarded as good practice to have the glass as hot as possible to énable it to 
reach the shape of the mould without undue force. Very hot glass however is 
difficult to gather in large weights because it may run off the gathering iron and, 
moreover, the mould wear is accelerated. 

The avoidance or mastery of these difficulties becomes second nature to a 
presser, and successful pressings can be made in the most unpromising shapes. 
Fig. 14 shows the mould for the street-lighting refractor bowl] illustrated in 
Fig. 16, with a complex series of sharp, deep prisms on both the inner and 
outer surfaces. This mould has a body split into three segments, a ring and a 
solid plunger, and represents an advance over previous practice in which two 
glasses had to be used to redirect the light in the same way as the glass shown 
in Fig. 16. 

(6) Types of Glass 

There have been many attempts at the classification of glasses in terms 
of properties, composition, shape, use, and so on, but the following arrangement 
applies particularly to the lighting industry. 


Properties of the Raw Material 
Base CoMposIrTION : 





Heat-resisting. 

Borosilicate batch, giving clear trans- 
parent articles of high durability, but 
liable to contain bubbles and striae. 
Several types available in different 
methods of manufacture. 


LicHt ABSORPTION: 


Absorbing. 
Coloured glass, absorbing more than 
10 per cent. of the incident light. Many 
hundreds of colours available. 


OpticaL CHARACTERISTICS : 


ts Scattering. 

Containing particles or fine bubbles, 
which give random diffusion of the light 
in varying degree from lightly diffusing 
to dense opal 
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Non-heat-resisting. 
Soda-lime-silica batch suitable for 
economic production and for a wide 
variety of modifications. 


Non-absorbing. ' 
White or clear (crystal) glass, absorb- 
— than 10 per cent. of the incident 
light. 


Non-scattering. 

Clear (crystal) glass, transparent in 
flat sheets or globes, and giving direc- 
tional control of light by specially shaped 
surfaces. 
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Methods of Manufacture 


ROLLED PLATE Large flat panes with non-transparent surfaces, suit- 
able for directional or random diffusion in varying 
degree. Suitable for bending and for surface treat- 
ments. Dimensions to suit requirements. 


SHEET AND POLISHED PLATE Large flat panes with transparent surfaces, suitable 
for protection. Suitable for bending, toughening and 
for surface treatments. Dimensions to suit require- 
ments. 


BLown GLOBES A very wide variety of symmetrical and non-sym- 
metrical shapes, including bowls and dishes, limited to 
about 24 in. maximum diameter, of substantially uni- 
form thickness. Surfaces may be clear, prismatic or 
diffusing and suitable for surface treatments. Dimen- 
sions liable to variation. 


A very wide variety of shapes without re-entrant 
angles or curves, limited to about 24 in. maximum 
dimension. Thickness may be non-uniform with limits 
of 5:1. Surfaces may be clear, figured, prismatic or 
diffusing and suitable for surface treatment. Dimen- 
sions substantially constant. 


PRESSED ARTICLES 


Properties of the Finished Articles 
(Examples are given in brackets.) 


WInpow A clear, transparent sheet. 
Coloured window... A transparent sheet of coloured glass, selectively ab- 
sorbing some of the light. 
DIFFUSER An article which imparts random scatter to the inci- 
dent light, by virtue of its internal constitution 


(opal), or of its surface formation (figured), or of its 
; ‘ ; surface treatment (etched). 
Directional diffuser ... An article giving preferential diffusion by virtue of its 
: surface formation (fluted). 

REFRACTOR An article which redirects the incident light so as to 
alter its intensity or distribution by refraction at non- 
parallel surfaces (prismatic plate). 

REFLECTOR An article which reflects part or all of the incident 
light, by virtue of its internal constitution (opal), or 
of its surface formation (roof prisms), or of its sur- 
face treatment (silvered). 

Mirror ... — ... A-specular reflector (silvered sheet). 

Translucent reflector An article which transmits some scattered light and 
— the remainder either diffusely or direction- 
ally. 


(7) The Mounting of Glass Components in a Lighting Fitting 


The unyielding nature of glass makes it desirable to mount it in some 
resilient or soft material, so that distortion of the frame does not produce 
stresses in the glass. With a very high modulus of elasticity, glass can only 
bend slightly before the stresses reach the safe tensile limit, and similarly a 
local concentration of stress due to contact with a protrusion on the metal 
frame may cause a crack to start. It follows that direct metal-glass contact 
should be avoided and that two pieces of glass should not touch each other 
unless they fit quite evenly. A coat of paint or varnish may be sufficient to 
act as a cushion between glass and metal, or some glazing compound, such as 
putty or one of the modern synthetic or plastic materials, may be used. Where 
glass is only held by clips, there should be some slight play, even at the risk of 
noisy vibration. Where hard cements must be used, as in flame-proof fittings, 
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the cement must be so mixed that it does not expand unduly when it sets, or the 
rim of the glass may be so strained that the glass as a whole is weakened. 

The distortion in the frame may be caused by heat from the lamp or by 
some mechanical adjustment after installation, and if the glass breaks the cause 
may be a weakness in the frame rather than in the glass. The glass components 
of a lighting fitting are often the stiffest, and may sometimes be used to stiffen 
the fitting, and it is wise to insulate the glass from local or transient stresses due 
to distortion of the frame. 

Uneven heating may lead to breakage, apart from any mounting stresses. 
Glass will stand any temperature up to its annealing temperature at about 
450 deg C., above which it softens rather than cracks, and it is not heat alone 
which may crack it. Further, a uniform temperature gradient will never crack 
glass unless it is mechanically constrained, in which case it would be the 
stresses from the constraint which cause fracture. The cause of a heat-crack 
is unevenness of temperature gradient such as, for example, a uniform high- 
temperature area in the middle of a flat glass and a non-uniform gradient down 
to the cold edges, which would cause differential expansion in the central area 
and peripheral tension around the edges. This cause of breakage can be made 

~less effective by reducing the temperature differences and by using a shape of 
glass such as that the stresses due to temperature can be relieved by relatively 
small strains. 

Glass has no electrostatic attraction for dust, but its clarity makes dust 
very noticeable, so gaps in a lighting fitting are particularly unfortunate. Gaps 
should be closed by some mastic or resilent material and, if the fitting must be 
allowed to breathe, a felt gasket may serve to reduce the ingress of dust. 

Glasses which give directional characteristics should be clearly marked to 
show the correct way of mounting and where practicable a lug or notch should 
be formed to register with a corresponding means of location in the mounting. 


(8) Conclusion 


With such a variety of materials and methods of manufacture, the design 
of a glass article becomes a matter of experience as well as of ingenuity or 
skill, and the design of the fitting must be dependent on that of the glass if 
the best optical effect is to be obtained. This paper started with historical notes 
and may perhaps conclude with some observations published by C. Merrett 
in 1662 (15):— 

“Glass is one of the fruits of the fire, and I have heard artists merrily 
say that their profession [glass-making] would be the last in the world: 
for when God should consume the universe with fire, then all things therein 
would vitrify and turn to glass. Which would be true upon supposition of a 
proportionable mixture of fit Salts and Sand and Stones. 

“T shall here set down the properties of glass whereby anyone may easily 
difference it from all other bodies: 

Tis a concrete of salt and sand and stones. 

When melted ’tis tenacious and sticks together. 

"Tis ductile whilst red hot, and fashionable into any form, but not malleable, 

and may be blown into a hollowness. 

‘Tis diaphanous either hot or cold. 

Acid juices nor any other thing extract neither colour, taste nor any other 

quality from it. 

It loseth neither weight nor substance. 

'Tis the most pliable and fashionable thing in the world and best retains 

the form given. 
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Neither Wine nor Beer nor other liquors will become musty nor change 
their colour. 

A drinking glass filled in part with water (being rubbed on the brim with 
the finger wetted) yields Musical notes, higher or lower, and makes the 
liquor frisk and leap.” 

No twentieth-century propagandist would make such extravagant claims, 
yet modern glass manufacture yields a product which far excels the glass of 
the seventeenth century in every respect. 
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The Manufacture of Metal Parts for 
Lighting Fittings 
By P. HARTILL, A.M.L.E.E. (Fellow) 


Summary 


This paper briefly reviews some of the properties of metals 
which are of particular importance in the lighting industry and 
describes methods of shaping and finishing commonly used in 
current practice. Different kinds of protective treatment are 
discussed having regard both to resistance against corrosion and to 
maintenance of reflecting quality. Finally, some comparisons of 
performance are given for metal reflectors with various finishes 
and contours. 


(1) Properties of Common Metals 


One of the most important factors to be considered in constructing metal 
parts of lighting fittings is resistance to corrosion. This applies particularly to 
fittings intended for outdoor use or for factory lighting, and, while there are 
many forms of protective treatment available, the innate durability of different 
metals is of interest to the manufacturer and user of lighting equipment. Pure 
metal is unstable in that its natural tendency is to change into ore. It is in 
the form of ore that it is found in the earth, strenuous treatment being neces- 
sary to extract the oxygen and leave the base metal in a state pure enough 
for the manufacturer. Having once been brought to this state, it begins to 
absorb oxygen again from the atmosphere and thus tends to corrode and 
revert to its original condition. Corrosion is intensified by moisture and by 
impurities in the atmosphere, especially by the products of coal combustion 
which prevail in industrial regions. The following table (1) gives an indication 
of the rates of corrosion of some common metals, the data being based upon 
observations of untreated 18 S.W.G. (0.048 in.) sheets exposed to the atmosphere 
of an industrial town :— 

















Table I 
Rate of corrusion of some common metals. 
R fC i Life of 18 S.W.G. 
Metal (Mils po “a = (Years). satan 
18/8 Stainless Steel — one 0.003 16000 
Lead ‘se ee aes 0.26 180 
Copper as “a os 0.28 170 
70/30 Brass ... eee ee 0.57 80 
Zinc ... = ea a 0.70 ; 70 
Mild Steel ... is ss 5.0 10 








The life in years given in column 3 is calculated from the data of column 2. 
It will be seen that stainless steel is practically everlasting, while mild steel 
has a relatively short life. One of the main reasons for the difference in 
durability of various metals is that the oxidising process creates a film on 
the surface, which tends to act as a barrier to further oxidation, and the degree 
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to which a metal is thus self-protective depends upon the strength of this film, 
On mild steel it has numerous cracks and is brittle, but on stainless steel it 
is very strong and seals itself rapidly when scratched. Copper has great 
durability and is widely used for lighting fittings. The well-known greenish 
film which forms on its surface prevents rapid corrosion and is proof against 
the action of salt-laden atmosphere. For this reason it is much favoured for 
street-lighting lanterns in seaside installations. Pure sheet copper is very 
ductile and is an ideal metal for spinning and pressing. The copper alloys 
known as brasses and bronzes contain various amounts of zinc and tin 
respectively, with the addition of other elements in many instances. They 
have greater mechanical strength than pure copper, but do not, in general, 
possess such a high degree of self-protection, though they are superior to 
steel in this respect. 


The oxide film on aluminium affords high resistance to corrosion, and 
there are many aluminium alloys of varying mechanical properties which are 
frequently used for the body work of lighting fittings. While it is roughly 
true that the more the mechanical strength of aluminium is increased by the 
admixture of other metals, the less self-protective does it become, there is a 
wide choice of suitable surface treatments available. For reflectors, pure sheet 
aluminium is more suitable than the alloys when polished or etched, since 
its oxide film is transparent and may be strengthened by anodising (see 
section 3) without appreciable deterioration in reflectivity. Aluminium and 
its alloys are attacked by alkalis and are subject to corrosion in saliferous 
atmospheres unless suitably protected. 


With regard to metals for casting, there are many different grades of 
cast iron of various mechanical and physical properties, some of which possess 
very good resistance to corrosion. Ordinary cast iron of good quality corrodes 
in the atmosphere at a slower rate than rolled steel and sand casting chills 
the surface of the metal, thus forming to some extent a protective coating.(1) 
Brass and bronze castings are extensively used for ship fittings on account 
of their good resistance to corrosion in marine conditions, but they are about 


Table II. 
Some typical properties of common metals and alloys. 





Strength Tons/sq. in. per cent. on 2 in. 





| Grey Cast Iron bud shes ive 6.9-7.3 8-14 
White Cast Iron ips mane + 7.5-7.8 12-18 
Mild Steel (Soft) hee non ive 7.8 17-30 30-40 
Rolled Copper (Annealed) (?) ar (8.93) 14-16 (50-60) 
70/30 Brass (Annealed) (°) ... jae (8.4) 18 (min.) 50 (min.) 
Admiralty Gunmetal (*) __... ny (8.68) 16 (min.) 12 (min.) 
Alum. /Silicon Alloy (5) _ ids 2.55-2.65 
Sand Cast... Si “e 10-12 6-8 
Die Cast ibs = bat 13-15 10-15 
Sheet Alum. (Soft) (°) a ee 5-6.5 
L.46. Alum. Alloy Sheet (7) nk , 11 (min.) 
Zinc Alloy A (°) ree. ae — . 16.7-18.5 
18/8 Stainless Steel (°) ss ai , 40-50 
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five or six times as expensive as cast iron. Aluminium castings have the 
advantage of being light in weight, which is frequently an important practical 
consideration in the design of fittings and tends to offset the higher cost of the 
raw material, as compared with cast iron, for an article of given size. For die 
castings there are many alloys made of various compounds of zinc, aluminium, 
tin, lead, copper and magnesium, all of which have individually greater 
corrosion resistance than steel. The two most commonly used alloys are those 
based on zinc, containing about 4 per cent. of aluminium, and those based on 
aluminium, containing up to 13 per cent. of silicon. The presence of unessential 
elements or impurities tends to cause intergranular corrosion, and it is important 
to select alloys of approved quality, especially when considering fittings to be 
installed in humid atmospheres. Zinc alloys are cheaper and easier to mould 
than aluminium alloys, but they are about 24 times as heavy. 

Table II gives some typical properties of common metals and alloys, the 
figures for iron and steel being based upon general data, while various 
authorities are referred to for the other metals, excluding the figures in 
brackets. 


(2) Methods of Manufacture 


The chief methods of shaping metal to a desired form are spinning, press- 
ing, bending and tasting, the choice depending upon the particular duty which 
the part in question has to perform, the complications involved in manufacture 
and the quantities required. Reflectors and canopies are conveniently made of 
spun or pressed sheet metal, mild steel, copper, aluminium and various alloys 
being suitable materials for any of these processes. 

The choice between spinning and pressing depends largely upon the 
quantities to be produced, as the initial tool cost is much greater for press- 
work. In many cases spinning lends itself to the shaping of more complicated 
details than pressing and sometimes a part is first pressed and then passed 
to the spinner for final treatment. On the other hand, spinning is mainly con- 
fined to parts which are of symmetrical, circular shape, while rectangular or 
non-symmetrical parts may be pressed. It may be convenient in some instances 
to spin first and complete the shaping in a press. The limit of the depth of a 
spinning or pressing in relation to its diameter is governed chiefly by the 
temper and ductility of the metal. The initial blank should be of metal of 
soft temper, but as it is worked it tends to become harder and more elastic. 
This condition is revealed in spinning by the metal refusing to shape itself 
under the tool and in pressing by tearing of the metal. Soft temper is therefore 
of great importance to ease the labour of spinning and to avoid spoilt pressings, 
and when the form of the article is deep intermediate annealing may be 
necessary. 

Stainless steel is expensive and is a difficult material for either process. 
It is considerably less ductile than mild steel and requires about five times 
as much labour for spinning. In presswork it causes greater wear on dies, 
and annealing is usually necessary where more than one operation has to be 
done. For these reasons it is not often used for the body work of lighting 
fittings, but is valuable for specular reflectors on account of its permanence. 

The process known as metal spinning consists in mounting a circular plank 
of sheet metal in a lathe, rotating it on its centre and applying pressure with 
a smooth-ended tool to its surface. The desired shape of the finished article 
is determined by a former made of wood or cast metal, known as a chuck, 
which is mounted on the spindle of the lathe concentric and in contact with 
the sheet metal (Fig. 1 (a) ). The blank is held firmly against the chuck by a 
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Fig. 1. Showing the stages in spinning a reflector for a small industrial lighting fitting. 


block axial with the lathe spindle and pressure is applied by levering the tool 
against a vertical fulcrum on the lathe rest (Figs. 1 (b) and 1 (c) ). This 
causes the metal to deflect and flow so as to shroud the chuck which is made 
to conform with the required internal dimensions of the finished article. The 
original area of the blank is made approximately equal to the final superficial 
area, but during the spinning process some thinning or thickening of the metal 
will take place, which a skilled operator will keep to a minimum. The illus- 
trations (Figs. 1 (a) to 1 (d) ) show a small industrial dispersive type reflector 
being spun in one complete piece out of mild steel. The final beading at the 
rim is made by leaving a flange, trimming to a suitable width with a cutting 
tool and applying a special roller in the form of a pulley wheel to the edge 
of the metal, which quickly forms the beading. The reflector is thus 
strengthened to preserve its shape and prevent distortion in the vitreous 
enamelling furnace and the edge of the metal is completely concealed. 

On account of the relatively high initial cost of tools and equipment 
pressings are confined to metal ‘parts which are required in large quantities. 
In the fittings industry there are numerous small operations which are con- 
veniently performed with hand-operated bench presses, while for heavier work 
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Fig. 2. Forming a mild steel trough reflector in a power press. 


power presses are used. For drawing operations the sheet metal blank is 
placed over the mouth of a die, which is formed to the shape of the outside 
of the required article. It is gripped in this position by a clamp at its periphery 
and is drawn down into the die by a powerful punch, or ram, of the same 
shape as the die, but a little smaller, to allow for the thickness of the metal. 
The tendency of the punch is to stretch the metal, but in deep pressings the 
blank slides under the clamp and is wholly or partially drawn into the die, 
thus causing compression which tends to counteract the stretching action of 
the punch. In such cases the final superficial area may be approximately the 
same as that of the original blank, but for shallow pressings it may be 
necessary to clamp the blank securely to allow the metal to be stretched 
beyond its yield point so that it will retain its desired final shape. In addition 
to drawing and shaping, presses are used for simple bending, punching holes 
and cutting out blanks for subsequent spinning or drawing operations. Fig. 2 


Fig. 3. Bending and assembling an aluminium floodlight reflector. 
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illustrates a simple double bend being formed in a rectangular sheet of mild 
steel in the making of a trough reflector for a tubular fluorescent lamp. 
Trough reflectors of curved section may sometimes be bent by hand with 
sufficient accuracy by means of specially shaped formers. This process is 
particularly suitable for polished aluminium sheet. The former is made of 
wood and may be covered with thin felt or other material to avoid scratching 
the polished surface. Its curvature is not the same as that finally required 
for the reflector, but is of smaller average radius to allow for the elasticity of 
the sheet metal and it is a matter of experience to determine the optimum 
shape. Once this has been obtained, consistent results may be achieved with 






Fig. 4. (Top left) Hand operated die casting 


machine for small articles. 


Fig. 5. (Top right) Pressure operated die 
casting machine. 


Fig. 6. (Left) Die casting for a street lighting 
fitting. 


metal of uniform temper and elasticity. The production of a floodlighting 
reflector for a sodium lamp by this method is illustrated in Fig. 3. 

Sand castings or die castings are used for parts performing relatively heavy 
duty, such as the main framework forming the bulk of the weight of a fitting 
and the domed top or supporting member, which may be bored and threaded 
for conduit or other means of suspension. Flameproof fittings are usually 
made chiefly of cast metal, since they require to be machined at joints to 
withstand high internal pressure and are frequently subject to severe operating 
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conditions. Castings are also useful where complicated shapes are required; 
several important members can often be cast in one piece, whereas otherwise 
they would need to be made separately and assembled. Die castings are 
becoming increasingly popular for lighting fittings. They possess many ad- 
vantages over sand castings, among the most important being the speed with 
which they can be produced and the intricacy of detail which can be moulded 
without surface irregularities or structural flaws. On the other hand the 
initial cost of machines and dies is high and as with pressings, their use must 
be justified by the quantities required. Small parts, such as yokes for lamp- 
holders, may be made rapidly on a small hand-operated machine, as illustrated 
in Fig. 4. A machine of greater capacity is shown in Fig. 5 for articles of 
medium size, while still larger apparatus is necessary for the production of 
heavier parts, such as the main body of a street-lighting fitting (Fig. 6). There 
are two methods of die casting, known as pressure die casting, in which the 
molten alloy is forced into metal moulds under pressure, and gravity die 
casting, in which the alloy flows by gravity only into the metal moulds as in 
the case of sand casting. Pressure castings require more expensive dies and 
apparatus than gravity castings, but they are generally superior for small parts 
with thin sections. The machines shown in Figs. 4 and 5 are for pressure 
castings and the fitting body of Fig. 6 was produced by the gravity method. 
In general the larger the casting, the more economical is the gravity method 
as compared with the pressure method, but the latter is usually preferable for 
small parts on account of the higher speed of production and the greater 
intricacy of detail that can be achieved without the necessity for subsequent 
machining operations. 


(3) Finishing and Protection Against Corrosion 


Before paint or other protective finish is applied to a metal it is of the 
greatest importance to ensure that the surface is perfectly clean. Any oil, 
grease or other impurity underneath a protecting coat will tend to promote 
corrosion, especially on iron or steel. Fig. 7 illustrates a method of degreasing 
by suspending the parts to be cleaned in a tank, at the bottom of which is a 
trough containing liquid trichlorethylene. The liquid is heated and emits 
vapour which rises in the tank until it 
is condensed by cool air and by 
contact with the metal articles. The 
condensed moisture has the effect of 
destroying the viscosity of oil or grease 
and dissolving it. By this method 
complete degreasing can be achieved 
in about 20 seconds. The process 
known as pickling consists in immer- § saw B 
sing the metal in an acid solution for 
the purpose of removing scale or thin 
oxide films which form on the surface. 
This is an essential preliminary to 
electro-plating and is employed for 
sheet metal work in preparation for 
vitreous enamelling and other finishes. 
After immersion in the acid bath the 
article is rinsed in clean water to 
remove all traces of residual acid. 
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Sandblasting is a method of scale Fig. 7. Vapour degreasing tank. 
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removal particularly applicable to castings for which the pickling process 
would be too prolonged. By means of a blast of compressed air, abrasive sand 
or steel grit is ejected with high velocity through the nozzle of a gun to the 
surface to be cleaned. After treatment the surface of the metal is not only free 
from impurities, but has a matt finish very suitable as a foundation for enamel 
or other coating. 

The finishes applied to metals for lighting fittings, apart from decorative 
coatings, fall into two groups: those which are purely for resistance to cor- 
rosion and those which are also to act as reflecting surfaces. The choice of 
finish depends upon the conditions in which the fitting is to be used, having 
regard not only to the durability of the structural components, but also to the 
permanence of reflecting quality and reflectivity of the finish itself where 
necessary. Protective finishes for metals may be broadly classified under 
three headings as follows:— 


(a) an impervious coat of paint, self-protective metal or other material to 
exclude the atmosphere from contact with the base metal; 

(b) a coat of self-protective metal which also has the property of being anodic 
to the base metal; 

(c) the production of a durable film by chemical or electrolytic treatment of 
the surface of the metal. 


Many complete finishes include a combination of two or more of these charac- 
teristics. 


The durability of paint is largely influenced by its power of adherence 
to the surface to which it is applied. This is governed partly by the quality 
of the paint and the conditions of temperature, etc., in which it is dried, but 
more especially by the cleanliness and nature of the metallic surface, which 
should be of sufficiently open texture to provide a key for the paint. Sand- 
blasting is an excellent means of achieving this condition, but there are several 
forms of chemical treatment available, which not only roughen the surface 
but also provide some degree of protection against rust. Coslettising, 
Parkerising, and Bonderising, are methods used for steel parts, in which the 
article is immersed in a tank containing a solution of phosphate of iron and 
other ingredients which act upon the metal surface to form a protective, matt 
finish. Granodising is a similar process using zinc phosphate in the solution, 
which is also suitable for the treatment of zinc-alloy die castings, while for 
aluminium parts of sheet or cast metal there is an oxidising process known 
as Pyluminising. 

The coating of metal parts with other metals of self-protective quality 
is a valuable method of proofing against corrosion. The means by which 
protection is provided may be of two kinds as defined under (a) or (b) above. 
The protective value of some metal coatings lies in the fact that they are 
electro-negative, or anodic, to the metals which they protect, besides being 
themselves more durable. In such cases protection continues even when the 
coating is porous, since the applied metal must corrode away before the base 
metal is attacked. Zinc, cadmium and aluminium, for example, are electro- 
negative to iron or steel and thus afford this sacrificial protection, while nickel, 
Jead and tin are electro-positive, or cathodic, to iron and it is important that 
coatings should be continuous and non-porous. In Table III (0°) the electro- 
chemical series of certain metals is given, each metal being anodic to all other 
metals below it in the table. 
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Table III 
Electro-chemical Series of Metals 


Magnesium 
Aluminium 
Zinc 
Cadmium 
Iron 

Nickel 

Tin 

Lead 
Copper 


Metal coatings may be applied by hot-dipping, spraying, or electro-plating. 
Galvanising consists in dipping the article in a tank of molten zinc which 
completely covers the metal. The surface thus produced is fairly smooth and 
is not ideal as a foundation for paint, but it is very satisfactory as a final treat- 
ment for fittings for many situations; after a period, signs of slight oxidation 
will appear on the zinc surface, which will then form a good base for a coat 
of paint applied in the ordinary course of maintenance. Another method of 





Fig. 8. Shot-blasting a cast iron fitting. Fig. 9. Metal spraying a cast iron fitting. 


applying zinc is by a spray gun which ejects the metal in a molten state at a 
high velocity. Inside the nozzle of the gun a blow-pipe flame is produced 
from a supply of acetylene or other gas, compressed air, and oxygen. Zinc 
wire or powder is fed into the flame, where it is melted and forced out as a 
spray. It is possible by this means to obtain a coating which compares favour- 
ably with galvanising and which has the advantage of being very suitable for 
receiving paint. Many other metals besides zinc, such as aluminium, cadmium, 
copper, etc., can also be sprayed in this manner. Lead coatings may be applied 
to iron and steel parts by a hot dipping process and are very effective for 
protection, particularly against attack by acids, provided that the lead is 
securely bonded to the metal and the coat is free from porosity. The deposi- 
tion of metallic coatings by electro-plating includes dull finishes of nickel, 
cadmium, zinc, and tin for protection of structural parts and bright, polished 
nickel, with chromium superimposed, for specular reflectors. 

_ _ One of the most widely used finishes for iron and steel in the fittings 
industry is vitreous enamel, which is a compound of various minerals fused 
on to the metal to become practically an integral part of it. After pickling 
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or shot-blasting, the metal is sprayed with the enamel mixture and left to dry, 
either in the air or in warm drying chambers. When quite dry it is heated in 
a furnace to a temperature of 700-900 deg. C., which fuses the enamel and 
opens the pores of the metal. After a short time it is removed from the furnace, 
and in cooling the enamel solidifies into a smooth glass-like film, which is keyed 
to the metal by the contraction of the pores. The adherence is naturally better 
on a surface which has been roughened by shot-blasting than on pickled sheet 
steel, and it is usual on the latter to apply first a ground coat containing special 
ingredients. These have an affinity for the steel, and the bond is secured by 
chemical interaction. The second coat fuses with the ground coat and thus 
firm adherence is obtained. For white reflectors of sheet steel two coats, in 
addition to the ground coat, are generally desirable. Vitreous enamel pos- 
sesses great durability and is easily cleaned, but it is inadvisable to leave 
edges of the metal exposed to the atmosphere, where the coating may be 
inadequate. Owing to its brittle nature it should not be subject to mechani- 
cal stress, and it is therefore important to use washers of lead, or other soft 
material, to prevent nuts or screwheads from being tightened on its surface. 
For the treatment of aluminium and its alloys the natural oxide film may 
be considerably strengthened by the electrolytic process known as anodising, 


Fig. 10. (a) Spraying vitreous enamel. (b) Vitreous enamelled reflectors leaving the furnace. 


in which the aluminium surface is made the anode in an electrolyte containing, 
in general, chromic, oxalic, or sulphuric acid. The following general charac- 
teristics (11) of anodic films are of particular interest as regards reflecting 
surfaces, since the appearance of a polished surface after anodising varies 
according to the quality of the metal and the composition of the electrolyte. 
The anodising of pure aluminium by the chromic acid process produces a film 
which is grey and opaque; with the oxalic acid process it has a yellowish tint, 
while with sulphuric acid it is transparent and colourless. In alloys a polished 
surface tends to become tinted or matt with all three processes. For satis- 
factory specular reflectors it is therefore advisable to use pure aluminium 
anodised by the sulphuric acid method, after first imparting a high degree 
of polish to the surface. When mechanically polishing it is impossible entirely 
to eliminate minute scratches which appear on the surface of the metal, 
and a much superior finish may be obtained by a process known as electrolytic 
brightening. This consists essentially in mechanical polishing and subsequent 
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Table IV. 


Processes used in the manufacture of industrial lighting fittings 





Part 


Metal 


Manufacturing 
Process 


Subsidiary 
Processes 


| Finish 





Wiring Box 
and lid 


Iron 


Sand casting 


Boring and 
threading for 
conduit entry ; 
drilling and 
tapping 


Zinc sprayed 
and stove 
enamelled 





Sand Casting 


Drilling 


Zinc sprayed 
and stove 
enamelled 





Lampholder 
bridge 


Zinc Alloy 


Pressure die 
casting 


Drilling and 
tapping 


Granodized 





Focusing pegs 


Brass 


Turning 


Threading 


Dull plated 





Reflector 


Mild Steel 


Spinning 


Punching holes 
for pegs by 
hand press 


Vitreous 
enamelled (3 
coats on 
reflecting 
surface) 





Pegs for carrying 
reflector 


Stainless 
steel 





Turning 


Threading 





Flanged disc 
carrying reflector 


Mild Steel 


Pressing 


Cadmium plated 





Pressure plate 


Mild Steel 


Pressing 





Welding on studs 


Cadmium plated 





Compression 
springs 


Phosphor 
bronze 





Washers for pegs 


Lead 





Various screws 








Mild Steel 


Purchased in 
correct 


form 
J 


Dull plated 








| a 








| Cadmium plated 





anodic treatment using a special electrolyte, controlling the conditions so 
that the oxide film is dissolved very nearly as rapidly as it is formed. By this 
means a levelling effect takes place, because the rate of dissolution is greater 
or ridges than in hollows, and a bright surface of high reflectivity is obtained, 
covered by an extremely thin transparent oxide film. This film is then 
reinforced by a suitable anodising process which only slightly reduces the 
reflectivity. Surfaces of maximum reflectivity and durability are obtained 
with aluminium of the highest purity. After anodising, the film is sealed by 
immersion in boiling water or other solution, which renders the coating im- 
permeable without altering its appearanace. Additional protective value 
may be imparted to films formed by the sulphuric or oxalic acid process by 
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Table V. 


Some typical values of total reflectivity 





" Total Reflectivity 
Surface per cent. 





Aluminium : electrolytically brightened and anodised. (1) | 
(a) Super purity ... ei ies hs “ so wit 85 
(b) 99.8 per cent. purity is as “ 56 a 82 
(c) 99.5 per cent. purity a ~ ea: 7 77 
Aluminium : mechanically polished and anodised. @ Bn ase re, 70 
Aluminium : etched. (!4) se os _— bie es —_ 85 
Sprayed aluminium. (}*) a on she sae ie ward 64 
Aluminium paint. (4) ... 
Chromium plate, (4) 
Nickel plate. (**) 
Polished stainless steel. (4) 
White vitreous enamel. 
White stove enamel (glossy). ... 
White stove enamel (matt). ... 











sealing in a boiling solution containing potassium dichromate. This process, 
however, produces a yellow colour in the coating and is used where specially 
high corrosion resistance is desired and reflectivity is not important. The 
texture of an anodised surface is very suitable as a base for the application 
of paint when required for the purpose of decoration or increased protection. 

A paper describing extensive atmospheric weathering tests on anodised 
aluminium reflectors was published in the I.E.S. Transactions, August, 1946 (+2). 
One of the important conclusions drawn from these tests was that wetting 
of the anodised surface was the decisive factor in limiting its usefulness as 
a reflector. It was also found that marked deterioration occurred when 
exposed to atmospheres containing concentrations of sulphuric and other 
acids. It was concluded that satisfactory performance would be obtained in 
fittings designed for dry, acid-free interiors and in enclosed fittings used out of 
doors. 

Owing to the fact that aluminium is electro-negative te most other common 
metals, when contact with a different metal occurs corrosion is liable to be 
caused unless precautions are taken. This may occur when any dissimilar 
metals are in contact in the presence of moisture, and it is advisable to refer 
to the table of electrochemical series in this connection. The metal which 
is anodic tends to oxidise at an abnormal rate near the area of contact and 
protect the other metal at its own expense. To safeguard against this effect, 
the dissimilar metals should not be spaced too far apart in the table, or an 
insulating film should be inserted between the surfaces (15). 


(4) Typical Production Procedure 


An example of some of the various processes that may be involved in the 
manufacture of industrial fittings is given in the schedule (Table IV) 
of metal parts for a typical reflector unit designed to resist fairly severe cor- 
rosive conditions in factories. The fitting consists essentially of a wiring box 
with top entry for conduit support, a gallery, and a reflector, the latter being 
detachable without removal of the lamp. A means is incorporated for adjust- 
ment of the focus position to suit the lamp used. 
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(5) Metal Reflectors 


Reflection of light from material surfaces is classified as being of three kinds, 
regular, spread and diffuse. Regular reflection is obtained with a highly 
polished or specular surface, from which a single incident pencil of light is 
reflected in one direction only. A surface which has a glossy appearance, but 
which is not perfectly smooth, will exhibit spread reflection and the reflected 
light of a pencil of rays will be contained within a limited solid angle or cone; 
while a matt surface will scatter light in all directions. 

For ordinary lighting fittings, nickel or chromium-plated copper, polished 
stainless steel, or aluminium, polished and anodised, are the most usual metals 
employed for specular reflectors; spread reflection is obtained with such sur- 
faces as aluminium paint and etched or embossed sheet aluminium; and diffuse 
reflection is provided by white enamels. In the latter group white vitreous 
enamels and glossy white stove enamels possess two reflecting surfaces, the 


MATT WHITE STOVE ENAMEL. | 
*WHITE VITREOUS ENAMEL. 


——'—- CELLULOSE ALUMINIUM PaINT. 
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Fig. 11. Variation of specular reflection factor with angle of incidence. 
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white base, which reflects 
diffusely, and the trans. 
parent superficial glaze or 
varnish, which is more or 
less specular. The propor- 
tion of light reflected 
regularly from this outer 
surface is generally very 
small in relation to the 
total reflection, but in 
many instances good use 
can be made of it. 

Some typical values of 
total reflectivity for 
Maes i . various surface treatments 
Fig. 12. Vitreous enamelled cast iron street lighting fitting. of metal reflectors are 

given in table V. 

When designing a specular refiector its shape in relation to the position 
of the light source is of prime importance. In the case of a perfectly diffusing 
matt reflector, however, the intensity of the reflected light in a given direction 
is a function of the brightness and projected area of the reflector visible in 
that direction, the shape being of little consequence. 

While it is possible to produce very nearly perfect specular reflectors, perfect 
diffusion is by no means so easy to obtain. With all surfaces the reflected 
light tends to be greatest in the direction in which regular reflection from a 
specular surface would occur. Moreover, the intensity of the light reflected 
in this direction from any surface increases with the angle of incidence. This 
increase is only very gradual for angles of incidence up to about 60 deg., 
but at larger angles it is more rapid. Even with matt white enamel appreciably 
high specular reflection factors are obtained when the angles of incidence are 
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Fig. 13. Polar curve of floodlight fitting with a white vitreous enamelled reflector. 
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Fig. 14. Polar curves of floodlight fitting 





90°_ 60 30° 20" . = ‘ 
Wy i with specular reflector. (Curve (a) using 
(b) Z - projector lamp.) 
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greater than 80 deg., as is indicated by the comparative curves of Fig. 11, which 
are based on tests made by the author. 

Another important factor to be considered is that when light is concentrated 
by means of a specular reflecting surface of parabolic contour, the source 
being at the focus, very high intensities can be obtained. The degree of 
concentration is limited only by the size of the source and the accuracy of 
the reflector. For a paraboloidal surface, with a light source at the focus, such 
that when viewed along the axis it appears to be “ full of light,” the theoretical 
candle-power, assuming that the light source is uniform, will be nearly equal to 
projected area of reflector 
projected area of source 
Evidently, when the source is small in relation to the size of the reflector, a 
high magnification can be obtained, even when the specular reflection factor 
is low. Good use is made of this principle in the street lighting fitting illus- 
trated in Fig. 12, which is made of cast iron, with white vitreous enamel on 


x specular reflection factor. 
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Fig. 15. Polar curves of extensive type fitting with vitreous enamelled or chromium 
plated reflector. 
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the reflecting surfaces. Each reflector is part of the surface of a paraboloid 
having a common focus at the centre of the light source and the angles of 
incidence are for the most part high, so that the best possible use is made 
of the specular surface. 

Fig. 13 shows the light distribution from a circular floodlighting unit, having 
white vitreous enamelled reflector of parabolic section made of cast iron o 
spun sheet steel. The dotted polar curve indicates the theoretical distribution 
that would be obtained from a perfectly diffusing matt reflector. The effec 
of changing the reflector for one of chromium-plated spun copper, retaining 
the same lamp, is indicated in curve (b) of Fig. 14, while curve (a) shows 
how the peak intensity is increased still further by using a projector lamp, 
emitting approximately the same total light output but having a more compact 
filament. The surface of this type of concentrating reflector is generated by 
revolving a part of a parabola about its axis. In another type of circular 
reflector the surface is generated by rotating the parabolic curve about an axis 
through the focus, inclined to the original axis. By this method the main 
concentration of light from a specular reflector occurs not in a narrow cone, 
but within a zone of considerably larger solid angle content, with the result 
that it is not practicable to obtain such a high degree of concentration and 
the value of the specular reflection factor is of much greater importance. Such 
a fitting is illustrated in Fig. 15, the full-line showing the distribution when 
the reflector is of chromium-plated copper, the main concentration occurring 
within the zone between 60 deg. and 75 deg. from the vertical axis. When 
the reflector is of white vitreous enamel, however, no trace of this concentration 
is evident, owing to the low specular reflection factor and the polar curve is 
almost entirely the result of diffuse reflection. 

These examples will indicate some of the possibilities and limitations of 


metal reflectors with various finishes. It is interesting to note that from a 
fitting having a reflector of given shape, if the polar distribution in any plane 
is known both when the surface is specular and when it is perfectly matt, 
then a finish giving any degree of spread reflection must produce a polar curve 
of intermediate values, assuming that the total reflectivity is the same in each 
case. 
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Discussion 


Mr. J. S. SmytH wondered whether it was his connection with design 
rather than with manufacture that had led to his being asked to open this dis- 
cussion. One of the first things necessary for a designer was knowledge of 
his materials, not only by their properties but with an almost instinctive 
“feel” for and sympathy with the way the materials behave. People concerned 
with manufacture acquired that feeling, but it was not always possible for 
designers to spend a great deal of time in the works—often they had to be 
satisfied with occasional visits only. It was because of this he would welcome 
more papers such as had been presented that evening, and he congratulated 
both authors on the extreme clarity with which they had told their story. 
Papers of this sort were valuable to the user of lighting equipment, since only 
if the user had a fairly clear idea of manufacturing processes could he make 
reasonable comments, favourable or unfavourable, on the design. The paper 
by Mr. Holmes seemed a case in point. The author had started with an histori- 
cal account which was extraordinarily fascinating, and then went on to discuss 
the optical and mechanical properties of glass. It was only then, when the 
reader had begun to get the “ feel” of the material, that Mr. Holmes dealt with 
the handling and use of it. 

As usual, after hearing an expert talk about glass, the first impression was 
one of awe at the extraordinary properties of glass and the things that could 
be done with it. The second impression was that glass making was still 
largely an art. He found that encouraging rather than otherwise, because if 
a designer had a particular job to do in glass and was told by one expert that 
it could not be done, there was always the chance that another expert would 
take an opposite view. Mr. Hartill was not so lucky as Mr. Holmes in that he 
had sO many more materials to deal with, but his approach, in effect to take 
his audience into the works and show them the various techniques, seemed 
quite the best in the time available for presenting the paper. The written 
Paper contained a great deal of data and tabular material which was hardly 
suitable for verbal presentation. In this connection the Data Sheets and 
information pamphlets issued by the Light Alloys Research Association, A.D.A., 
BSI, and similar bodies were extremely useful. 

It was difficult to discuss usefully the actual contents of the two papers, as 
they were largely statements of the facts of manufacturing processes, on which 
he was not competent to comment; there were, however, a number of points 
on which he would like further information. 

The decorative and concealing properties of rolled figured glass were well 
known, but perhaps everyone was not so familiar with the useful light-directing 
properties of these glasses. Some of these, such as the fluted glasses, consisting 
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of cylindrical lenses laid side by side, were very useful tools for the lighting 
engineer; their properties repeated reasonably well from batch to batch and 
from year to year. Any information which Mr. Holmes could give on these 
light-directing properties, such as the polar distribution produced when a narrow 
pencil of light passed through the glass, might be very useful. 

Mr. Smyth also asked for information on the toughening of rolled patterned 
glass, and of pressed glass where one side was smooth: he believed that a con- 
siderable increase in thermal and mechanical strength could be obtained by 
toughening such glassware. 

It had been mentioned by Mr. Holmes that many of the properties of 
glass had to be treated in a statistical manner. It was impossible to predict 
the performance of any one piece of glass, all that could be said was that a 
certain proportion of a group would have properties lying between certain 
limits. This fact, coupled with the possibility of variation in annealing and 
in the quality of pressing or blowing, suggested the need to keep a watch on 
the quality of glassware by means of sampling tests based on statistical analysis, 
particularly where the breaking of the glass might be a danger to the public, 
as in street lighting. 

The question of corrosion had been dealt with at some length by Mr. 
Hartill; it was interesting that lighting engineers during the past few years 
had considered this problem much more than before the war. The reason for 
this seemed to be two-fold. One reason was that up to the war the materials 
used for outdoor lighting units were frequently cast-iron and copper, which 
had a high natural resistance to corrosion, but when aluminium alloys came 
into use the corrosion problem became more complex. The second reason was 
that there had been a seven-year life test during the war, when lanterns were 
left out in the streets without maintenance. It seemed to be generally agreed 
that the only reliable way of checking corrosion resistance was to carry out 
field tests, and that forced tests were of doubtful value. It would be interesting 
to have Mr. Hartill’s views on this. 

Could Mr. Hartill give any figures on the tolerances which were reasonable 
on length, ovality, axiality, etc., in spinnings and pressings Also, was there 
any guiding rule on the limiting proportions one could have in pressed and 
spun metalware, such as the ratio of depth to diameter, with and without 
annealing at stages during the process? 

In conclusion, Mr. Smyth said that he realised that most of the points he 
had mentioned were largely matters of design rather than manufacture, but 
he found it very difficult to draw a dividing line between the two. Even if 
such a line could be drawn, it would be wrong to do so, for it was only by 
close co-operation between the designer, the manufacturer, and the user that 
we could help to get really good equipment. 


Mr. H. S. ALLpREss said he had the impression that, as. distinct from the 
art of glass making, the manufacture of lighting fittings was becoming much 
more a science. A great deal of information was now available to the designer 
and he should take full advantage of it. Mr. Hartill would agree, however, 
indeed, his paper emphasised the point, that advantage was not taken of avail- 
able information, and corrosion of fittings was caused by such things as the 
use of lead washers with sheet steel or iron and brass screws with galvanised 
fittings. Again, lighting fittings were sometimes wired up with lead-covered 
cable, which in close proximity to iron will cause the latter to be eaten away 
under acid or alkaline conditions. 

Mr. Hartill referred to hot zinc galvanising, but it was regretted that he 
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made no reference to the zinc cementation process (sometimes referred to as 
zinc impregnation), in which the articles to be protected were furnace-heated, 
packed solid in pure zinc dust, and a zinc alloy formed in, rather than on, the 
surface of the metal. This gives excellent protection even in the case of screws 
and screw-holes, so that the non-rusting surface was actually continuous, This 
overcame one of the difficulties with galvanising, which inevitably left bare 
patches due to the necessary machining after treatment. In the case of zinc 
cementation there were no bare patches, as the process could be applied after 
machining, and an appreciable amount of wear could take place before the 
coating became worn through. In any event, as distinct from lead coatings, 
the zinc gives protection by anodic sacrificial action, and actually protects any 
bare base iron exposed by, for instance, deep scratching or cutting of sheet 
metal, etc. 

Every care should be taken in the design of lighting fittings to prevent the 
formation of pockets in which moisture could accumulate. A great deal was 
heard of dissimilar metals, but not much about dissimilar liquids. If there was 
a pocket of water, especially stagnant water, oxygenation near the bottom 
of the pool of liquid was appreciably different from that at the top and gave 
rise to electrolytic corrosion, due to the contact of a metal with dissimilar 
liquids. There was frequently the formation of a hydroxide halfway down the 
pocket at the junction between portions of the liquid, acting relatively as anode 
and cathode. 

All this emphasised the pitfalls into which the lighting fittings designer 
could fall. The illuminating engineer was, however, now able to take advan- 
tage of a very wide range of information which was made available by the 
work of physicists, chemists, and craftsmen. As a result, entirely new types 
of fittings which were not previously possible were now being produced. 


Mr. F. C. Smit said he had had some experience with corrosion problems 
and agreed with Mr. Smyth that accelerated tests, unless carefully controlled, 
were liable to be very misleading. For this class of test to be of any value 
it was necessary to reproduce as nearly as possible the conditions which obtain 
in practice. The object of an accelerated test is to enable the observer to 
forecast, after a brief investigation, what is likely to happen in practice over 
an extended period of time. This requirement implies, assuming conditions 
similar to those which obtain in practice have been simulated, a method which 
is ‘sensitive enough to measure changes which occur over the limited period 
of the investigation. As an illustration, Mr. Smith said that it was known that 
steel tubulars could corrode in the presence of carbon dioxide and water. 
To investigate this particular problem he had used a conductivity cell, the 
steel under investigation is placed in the cell and covered with conductivity 
water with an atmosphere of CO, above the surface of the water. Ferrous 
bi-carbonate, which is soluble in water, is formed and thus the conductivity 
of the water is changed. It is possible in a relatively few hours, by measuring 
change of conductivity, to form a very good idea of what would happen under 
practical conditions. Moreover, in the case under review it was possible to 
watch the rate of corrosion by making frequent measurements of the con- 
ductivity and to check the total corrosion which had occurred at the end 
of the experimental period by estimating the iron by chemical means. He 
instanced this method since it may be applicable to corrosion problems where 
soluble salts occur as a result of the action of the corrosive agents. 


Mr. J. G. CHRISTOPHER said he wished to make one rather obvious point on 
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the question of corrosion. Nearly all such problems arose not through the 
corrosion of the basic metal but through the juxtaposition of two metals 
exposed to the atmosphere. If the metal or even dissimilar metals wer 
permanently covered up, they did not corrode and nearly all the care that 
was taken to make fittings corrosion-proof was for the benefit of the user who 
would not keep them painted once he had installed them. If more attention 
was paid to this aspect, there would be a great deal less corrosion. A second 
point was that looking back over the past 10 years or so in terms of manv- 
facturing processes, it appeared that the increase of labour costs and stan- 
dardisation were leading us towards the newer methods. For example, there 
seemed to be an increasing tendency to use die-castings and pressings as 
opposed to the older sand castings and spinnings. Fortunately, although a 
large expenditure on tools is usually involved by these new processes, the 
labour content of the overall cost is usually low, and standardisation of de 
sign has enabled sufficient quantities to be produced to make it an economic 
proposition. Also improved quality and greater uniformity usually follow 
the introduction of modern methods of production. 


THE PRESIDENT said that when he was in the U.S.A. 18 months ago and 
went over one or two plants manufacturing lighting fittings, he had noticed 
with interest the difference in the methods used there and those in this country. 
The plants he saw both used pressing from sheet and sheet metal design very 
much to the exclusion of castings: they did not seem to be using die-castings 
in America nearly so much as we did. They used pressing and drawing 
methods of great ingenuity, and employed numbers of large presses, particu- 
larly for fluorescent lamp fittings. For joining metal parts they also used 
spot welding to a great extent. Where they were welding anodised and 
polished surfaces they had, in one factory, an ingenious set of small rubber- 
faced spring clips for holding the parts together without damaging them when 
they were being spot welded. They went so far as to have a double-ended 
spot welder with a refrigerator to keep the electrodes cool, which it was said 
considerably increased the life of the electrodes. 

The manufacture of glass had been referred to as an art; it was an ancient 
craft—he sometimes thought it witchcraft. It was amazing that accurate pieces 


could be produced by the methods which had to be used with so wayward a 
material. 


This bore upon what Mr. Smyth had said. Precision was not very important 
in making jam dishes, but refracting lighting equipment called for great pre 
cision and repetitional accuracy. The need for precision affected the mechanical 
design and manufacture as ‘well as the glassware and optical design. A 
fitting designed to produce a narrow beam should be capable of producing 
that beam in the same way every time, and of putting it in the same place 
every time, even when the lamp was renewed. We had not yet considered 
anything like sufficiently the precision which our optical designs demanded, 
nor the precision of which our manufacturing processes were capable and 
which design should ensure. 


Mr. C. R. BIcKNELL, referring to the mention by Mr. Hartill of anodic metals 
being negative and cathodic metals being positive, said he did not know 
whether the fittings manufacturer had a different conception of anode and 
cathode but this was the first occasion on which he had heard of the anode 
being negative and the cathode being positive. 
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Mr. J. A. H. SrupHoLMeE asked Mr. Holmes why the spring-loaded ring he 
mentioned was necessary as it was not required in other industries which 
ysed sand castings. 

In connection with Mr. Hartill’s paper he asked what method of heating 
was used in the radiant heat tunnel (Fig. 10(b)). 


Mr. A. G. Penny said the suggestion by Mr. Christopher that the best 
way to prevent corrosion was to prevent the atmosphere getting at the metals 
was something of a counsel of perfection. Very often painting was put on 
when corrosion had already started, and he would like to know whether there 
was any method of preventing corrosion spreading once it had started. There 
were very often inaccessible places in a fitting which could not be covered to 
prevent corrosion starting, and as far as he was aware once rusting had started 
it was almost impossible to prevent it spreading. Were there any recognised 
methods of coping with that problem ? 


Mr. I. M. Heatp suggested that there were materials which could be used 
for lamp fittings which did not corrode; therefore, why use those that did ? 


Mr. Har TI.u, replying to the discussion, said that he agreed with both 
Mr. Smyth and Mr. Smith as to the value of field tests to determine corrosion 
resistance, as compared with accelerated tests. Much field work had already 
been done, however, and certain definite conclusions had been drawn, which 
were of considerable value to manufacturers and users of lighting fittings. 

In reply to Mr. Smyth’s query regarding tolerances in spinning or pressing, 
the matter was dealt with only briefly in the paper, but so much depended on 
the quality of the metal that it was difficult to give any guiding rule regarding 
ratio of depth to diameter. He knew of cylinders 33 in. in diameter and 9 in. 
deep, which had been successfully spun out of 20 S.W.G. mild steel without 
annealing, but the limits for a particular grade of metal could generally be 
learned only by experience. Usually, the deeper the spinning or pressing, 
the thicker should be the material for satisfactory results. 

Mr. Allpress had mentioned the Sherardising process of applying zinc for 
protection, in which the zinc forms a semi-alloy with the metal surface. 
Advantages claimed for this method are that the coating is more uniform and 
secure than in the case of spraying or dipping, while it can be applied to 
intricate shapes which cannot be successfully protected by other means. There 
were several other methods of protection which it had not been possible to 
include in the paper; for instance, there was the somewhat similar process 
known as aluminising, in which aluminium is sprayed on to a metal surface, 
covered with a coat of bituminous paint and heated in a furnace. The aluminium 
is thus fused to the surface and a compound coating is produced, having an 
outer layer of aluminium oxide. 

Interesting points regarding dissimilar metals and dissimilar liquids were 
referred to by Mr. Allpress and Mr. Smith. He agreed that the nature of the 
electrolyte influenced the rate of dissolution of the anode, and it was certainly 
desirable in designing fittings to avoid pockets in which moisture could 
accumulate. It was true, as Mr. Christopher had said, that perfectly covered 
metals did not corrode, even where dissimilar metals were in juxtaposition. 
Co-operation between the manufacturer and user ‘was very desirable, and 
efficient maintenance was ultimately the best form of protection. 

Mr. Christopher had raised an important point with regard to standardisa- 
tion of design by the use of die casting or pressing, and the relatively higher 


Vol. XIV., No. 7, 1949 223 





J. G. HOLMES AND P. HARTILL 





labour costs involved when sand casting or spinning methods were used. It 
all hinged around quantities required, but there were so many special-purpose 
fittings required, frequently involving components of complicated shape, that 
there was still considerable scope for the craftsman in the lighting-fittings 
industry. The spinning of metal required considerable skill, but tool cost was 
very low as compared with that involved in the case of pressings. Spinning 
on metal chucks could compare very favourably with pressing for the majority 
of lighting fittings, as far as accuracy of contour was concerned, though 
pressing was to be preferred in the case of small specular reflectors, such as 
for motor-car head-lamps, where great optical precision was required. 

It had been mentioned by the President that die-castings were not so 
much used in America as in this country. Perhaps their use had been 
accelerated here partly by the shortage of iron for sand-casting and of steel 
for pressing. The subject of welding had not been included in the paper, but 
the instance of spot-welding anodised and polished surfaces, mentioned by 
the President, was of particular interest to fittings manufacturers. 

Replying to Mr. Bicknell’s point, he believed that it was the accepted 
custom to-day to apply the term electro-negative to the metals at the active 
end of the table of electro-chemical series, though this was a reversal of the 
older idea, and in some books the term electro-positive was still retained. We 
had to consider not so much the idea of current direction, which was apt to be 
misleading, but rather the passage of ions in the electrolyte. 

With regard to the radiant heat tunnel [Fig. 10 (b)], referred to by Mr. 
Studholme, the method of heating was by gas. 

Reference had been made by Mr. Penny to methods of preventing corrosion 
from spreading once it had started. The only satisfactory method he knew, 
when steel had rusted, was to remove the rust and start again, but frequently 
it had gone too far, and the only thing to be done then was to have a new 
fitting! 


Mr. Hotmes, making his reply to the discussion, showed some slides of 
automatic machines for pressing glass articles to a high order of repetitional 
accuracy, which had been mentioned by the President. Figures for dimensional 
accuracy were given in Section 5 of the paper and he agreed with the President 
that precision in the manufacture of fittings was very important. The two chief 
sources of error were in the position of the lamp filament and in the mounting 
of the fitting as a whole, both of which might introduce deflection errors of 
several degrees of arc and which were usually less carefully controlled than the 
repetitional accuracy of the glass components. 

Mr. Smyth’s question about the light-directing properties of figured rolled 
glasses was difficult to answer because no comprehensive data had been 
published. Some figures for angular spread of diffused light were given in 
Table 3 of the paper and others had been published in data sheets appearing in 
the technical press and also in text-books such as “Glass in Architecture and 
Decoration,” by McGrath and Frost, or “Glass the Miracle Maker,” by Phillips; 
in general however it was good practice for each laboratory to measure the 
various glasses for themselves, because by so doing they would get a much better 
knowledge of the possibilities of these glasses than from a table of figures. The 
toughening process had also been mentioned by Mr. Smyth and it could certainly 
be applied to patterned glass, but with difficulty and less satisfactory results 
because of the non-uniform thickness and of the irregular cooling from the 
figured surface. This was indicated by the figures in Table 1 of the paper. 

Mr. Holmes welcomed the point about statistical analysis of glass breakages 


224 


Trans. Illum. Eng. Soc. (London), 








and 
stre 
part 
proc 
ann 


gree 
coul 


mer 
that 
The 


Gla 
rap. 
nec 
two 
in ¢ 
risk 
rin 
gav 
aw 
the 


me! 
con 


Se 


Vol. 








It 


nat 
igs 
vas 
ing 
ity 
igh 


en 
ee] 
out 


ted 
ive 
the 
We 


ion 


of 
nal 
nal 
ent 
Lief 
ing 

of 
the 


led 
en 


nd 
ps, 
the 
ter 


nly 
ilts 
the 


ges 


ion), 





LIGHTING GLASS AND METAL PARTS: DISCUSSION 


and emphasised that all those properties of glass which depended on its ultimate 
strength were statistical in nature and could not be predicted for any one 
particular article. He thought, however, that provided the manufacturing 
processes were running under controlled conditions, the variations due to 
annealing or the quality of workmanship were not likely to affect the result 
greatly; a more important factor was the internal quality of the glass and this 
could be assessed by statistical analysis of sampling tests. 

Mr. Studholme had queried the necessity for the spring-loading on the ring 
member of a mould for pressed glass, but the pressing process was so critical 
that a very useful increase in production rate could be obtained by this device. 
The moulding of a glass article in a cast iron mould was very different from 
making a sand-casting, or éven a die-casting, because of the nature of glass. 
Glass was a brittle substance and yet, whilst the temperature was changing 
rapidly and differential expansions and contractions were occurring, it was 
necessary to exert a pressure of perhaps a ton in squeezing the glass between 
two pieces of cast iron with plenty of sharp corners and with uneven thicknesses; 
in order to get the maximum strength in the pressing process and the minimum 
risk of breakage the pressure must be distributed evenly and the provision of a 
ring which would lift when the hydraulic pressure exceeded a certain amount 
gave some relief in the process. There might be an over-flush to be ground 
away, but a good article was obtained which might not otherwise have been 
the case. 

Finally, Mr. Holmes said that he was encouraged to hear Mr. Heald’s recom- 
mendation of materials which did not corrode, because glass was, of all 
commercial transparent materials, the least corrodible. 
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The complete list of books in the Library was published in the TRANSACTIONS for 
September, 1946. 
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Papers for Presentation and Publication 


Statement by the Papers Committee 


The Papers Committee, which is appointed by the Council to arrange the 
Society’s programme and to pass matter for publication in the Transactions 
is not, and never can be a “ paper factory.” True, its members do occasionally 
produce papers themselves, but the Committee, and through it the Society 
depends for its papers on the members generally. 

The Society is now some 2,000 strong and included in this membership must 
be many potential authors of merit who have not yet contributed to our proceed- 
ings. This is a plea to them to come forward with offers of papers, either for 
presentation at Sessional Meetings or for publication in the Transactions. 

The Committee is particularly anxious to receive such offers from the 
younger members in whose hands the future of the Society will ultimately rest. 
There is, within the Society, a wealth of experience in the preparation and pre- 
sentation of papers and practised authors will always be pleased to advise those 
with less experience, and such advice can be very helpful. Individual members 
of the Papers Committee are always open to be approached in this regard. 

Whilst papers embodying the results of original investigations or researches 
are particularly valuable, critical surveys or papers of a statistical nature on any 
aspect of illumination or “ seeing” are always welcome. 

There is a natural tendency to assume that what one knows well is well 
known and so it may be within a limited field, but it does not necessarily follow 
that it is so widely known as not to be worthy of a place in our proceedings. 
This is a matter that must rightly be left to the judgment of the Committee. 

Offers of papers should, in the first instance, state the subject and give 
a brief indication as to the proposed treatment, the actual preparation of the 
paper being left until provisional acceptance has been received. 

Prospective authors should obtain from the Secretary a copy of “ Recom- 
mendations to Authors of Papers for Presentation before the Society.” 

It is useful periodically to review the subjects on which papers have appeared 
in the Transactions and to summarise, for the information of possible authors, 
those that have not been fully treated for a considerable time; such a list is 
appended hereto. It may be felt that there has been little or no advancement in 
the techniques applied to some of these subjects, but it should be remembered 
that many of our members have joined the Society in recent years and survey 
papers can be very helpful to them. 

It is desired to continue the informal evening meetings and visits to places 
of interest to lighting engineers, which have become a popular feature of our 


programme. The Papers Committee will welcome suggestions from members 
in these respects. 


C. R. BIcKNELL 
(Chairman, Papers Committee). 


Subjects which have not been dealt with in the Transactions for several yeats. 
Underwater Lighting. 
School Lighting. 
Show Window Lighting. 
Picture Gallery Lighting. 
Lighting of Marshalling Yards and Docks. 
Ship Lighting. 
Signals: Road Traffic, Railway and Communication. 
Cinematograph and Slide Projectors. 
Microscope and Optical Projection. 
Library Lighting. 
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R. H. Bell. Committee: L. Charlton, W. H. Dodgson, C. Fielding, R. W. 
Gregory, A. S. Lowery, J. S. McCulloch, W. Sancto, P. S. J. Underwood. 


Hon. Secretary: G. R. Hanson, 4, Archbold Terrace,~ Jesmond, Newcastle- 
on-Tyne. 
NOTTINGHAM CENTRE (MIDLAND AREA). 
Chairman : W. K. Martin. Vice-Chairman: R. H. Ellis. Hon. Treasurer . 
P. L. Ross. Committee: J. C. Charity, G. Honnoraty, A. G. Kidd, A. R. Law, 
R. G. Mountford, E. G. Phillips, R. J. Pickford, N. C. Slater, G. C. Small, F, 
Walker. Hon. Secretary: A. Hacking, 32, St. Leonards Drive, Wollaton, 
Nottingham. 
SHEFFIELD CENTRE (NORTH MIDLAND AREA). 
Chairman: B. Bingham. Vice-Chairman: H. B. Leighton. Hon. 
Treasurer: C. Hadfield. Committee: J. G. Charlton, H. Dick, D. H. Fox, 
B. B. Hayter, H. Lewis, G. E. Rodger, W. G. Symons, E. G. R. Taylor, W. G 
Thompson, G. L. Tomlinson, H. Wheeler, A. Wylie. Hon. Secretary: J. A. 
Whittaker, Magnet House, Fitzalan Square, Sheffield, 1. 


Groups: 


BRADFORD Group (NORTH MIDLAND AREA). 
Chairman: W. B. Jamieson. Committee: T. N. Hird, H. Moss, W. H. 


Naylor, A. S. Redvers Pratt, N. Rhodes, L. Robinson, J. H. Rogerson, F. S. 
Warburton. Joint Hon. Secretaries: A. J. Hutchison, 45/53, Sunbridge Road, 
Bradford, W. H. Naylor, 40, Godwin Street, Bradford. 


EXETER Group (WESTERN AREA). 


Chairman: F. D. Newcombe. Committee: D. R. Beckett, H. H. Brown, 
W. E. Browning, H. T. Corrigan, C. Lye, L. D. H. Rowe, F. W. Sansom. 
Hon. Secretary: L. W. Cornish, 46, North Street, Exeter. 


HUDDERSFIELD Group (NORTH MIDLAND AREA). 


Chairman : H. L. Walker. Vice-Chairman: M. E. Broadbent. Committee : 
F. Eastwood, R. Hardy, G. Ripley, W. Robinson, N. Schofield, E. C. J. Swabey, 
J. T. Thornton, H. Walton. Hon. Secretary : E. Wood, 11, Long Grove Avenue, 
Dalton, Huddersfield, 


STOKE ON TRENT Group (MIDLAND AREA). 


Chairman : T. Lockett. Vice-Chairman: E. N. Farnsworth. Committee: 
F. Claxton, W. A. Fisher, A. Gould, J. R. Piggott. Hon. Secretary : J. P. Oliver, 
31, Kingsway, Stoke-on-Trent. 


Sussex GROUP. 
Chairman: E. Stroud. Committee: H. Barlow, R. Davidson, C. F. Green, 


V. B. J. Green, A. F. Harvey, M. W. Hime, R. T. Maundrell. Hon. Secretary : 
A. P. Cole, 35, Wellington Road, Brighton, 7. 


TEES-sIDE Group (NORTH EASTERN AREA). 
Chairman: N. Hunter. Vice-Chairman: D. B. Hogg. Hon. Treasurer : 
G. H. J. Sansom. Committee: J. Kirby, R. K. Leslie, R. W. Oxley, M. A. 
Raisbeck, S. O. Shircore. Hon, Secretary : K. Graham, B, T. H. Co. Ltd., Post 
Office Buildings, Marten Road, Middlesbrough. 
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